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The problems of in it ia t in g  mineral exploration in the Republic 
of South Viet-Nam are investigated. An elementary analysis of known 
mineral occurrences compared with worldwide metallogeny concludes 
that mineral surveying is warranted. Sources of assistance poten­
t ia l ly  available to Viet-Nam are reviewed, with the conclusion that 
noncommercial sources should be investigated. The second part of 
the thesis investigates the heavy mineral sand industry and proposes 
a systematic exploration program for evaluating the mineral sand 
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This thesis has two parts, but the singular purpose of develop­
ing interest in the mineral potential of South Viet-Nam. The f i r s t  
part is an analysis of the future role of exploration and the financ­
ing of non-fuel mineral exploration in South Viet-Nam. I t  is en­
visioned that many basic assumptions and financial sources would 
apply to other developing countries. The term architecture is used 
to imply structure and planning, as opposed to construction based on 
l i t t l e  or no planning at a l l .  The second part of the thesis comprises 
the nucleus of a proposed exploration program for heavy mineral sands 
along the east cost of South Viet-Nam. The emphasis on a market sur­
vey proceeding an exploration strategy is primary to a ll  minerals 
exploration. To a less developed country, a market survey is perhaps 
more important than to a private enterprise because less developed 
countries are more constrained by limited funds and trained personnel 
than a private company. I f  a project is going to be debt financed 
from one of the sources cited in the thesis, one must show that the 
project is sound; therefore, the market survey supports the project 
in the financing stage by displaying prior proper planning.
Country monitoring and research into the mineral investment po­
tentia l of South Viet-Nam began in late 1971. At that time, d istinct  
pessimism prevailed in a ll  correspondence. This author wished to look 
at a l l  aspects of nonfuel mineral exploration but after contacting
1
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authorities in Viet-Nam and Washington, D.C., he realized that insuf­
f ic ie n t  information was available to start detailed investigations. 
Furthermore, Mr. Tram-Huynh-Anh, the director of the Geological Sur­
vey, expressed a f i r s t  p r io rity  interest in the heavy mineral sands 
along the east coast.
About this time, he realized that the people and agencies respon­
sible for planning economic development were not very optimistic about 
mineral potential. I t  was apparent, to the author a t least, that show­
ing cause for cautious optimism was going to be one main objective of 
the thesis. I t  also became apparent that while a total inventory 
search was an optimal strategy, i t  was unrealistic because of the 
existing problems in the country. Even though a cease-fire agreement 
has been signed, the po lit ica l map of South Viet-Nam is as spotted as 
a leopard's skin, and security is the f i r s t  prerequisite for ground 
exploration. However, exploration planning can begin before security 
is guaranteed. The time to evaluate known information is now, and 
can be followed by f ie ld  investigations as areas become secure. Fur­
thermore, when one considers the time lag between either planning and 
exploration, exploration and discovery, or discovery and production 
i t  is apparent that sound, timely planning in Viet-Nam could have 
started a few years ago.
National postwar reconstruction experts believe minerals w ill  a f ­
fect the Vietnamese economy about 1980 (Joint Development Group, 1970, 
p .279). Seven years from now leaves l i t t l e  time to find and develop 
natural resources. The Ertzberg or Bougainville properties were not
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found and financed in a fortnight. Timeliness and fiscal planning w ill  
be discussed in a following section.
The Vietnamese have at least three ways in which to stimulate 
mineral exploration and eventual production. F irs t ,  they can proceed 
at their present pace with a ll resources somewhat nationalized or un­
available to direct foreign exploration. This is the current state of 
affa irs  since minerals are state owned and can be exploited only by 
national-controlled management. Second, they can over-react to o p ti­
mistic reports, and throw open the ir  country to foreign corporations 
and le t  everyone do his own type of exploration. Third, they can plan 
an organized survey which w ill  be coordinated with known information 
and can be funded from various sources. During this time, a leg is la ­
tive  survey can be made of other developing countries and a framework 
for new streamlined regulations can be b u ilt .  I w ill  not attempt to 
te l l  the Vietnamese what is good for them; I am not Vietnamese. How­
ever, once the factors necessary for minerals development have been 
reviewed, and conclusions made, i t  w ill be fa ir ly  clear where the 
optimal course of action may be for future development.
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PROBLEMS FACING SOUTH VIET-NAM
Viet-Nam faces more problems than almost any other developing 
country in the world. Lack of information concerning mineral potential 
is compounded by p o l i t ic a l ,  fiscal and security problems.
I t  has been stated that comparisons are odious, but they w ill  be 
used extensively in this thesis because they serve a purpose and help 
support the author's arguments and conclusions. The peoples of South­
east Asia should understand that they have a great growth potential 
which only recently became realized. Table 1 shows the increase in 
regional world mining production and the growth in Southeast Asia is 
noteworthy. Regional analysis and identity are necessary for develop­
ing countries. Most case studies, comparisons and analyses w ill  be 
restricted to the Pacific Basin countries and locally restricted to 
the Southwestern sector of the Pacific Basin. To a large degree these 
countries have many common aspects for comparisons.
Developing countries can never lose sight of the fact that they 
are being watched continuously by international mining corporations. 
While nation watching has probably become mining's second favorite  
pastime (the f i r s t  is making a p r o f i t ) ,  developing countries should not 
be too concerned. Michener (1969) reported on one technique which 
suffers from a lack of f le x ib i l i t y .  Michener evaluates a country's 
potential by its  po lit ica l and geological climate. Geology is the only 
fixed variable in his function and he determines a country's rating by 
separately summing up weighted subjective evaluations for various
4
T 1548 5




1963 1964 1965 1966 1967 1966 - 1967
World 100 105 109 114 117 2.6
industrialized  
countries
100 104 106 109 111 1.8
North America 100 104 107 113 117 3.5
Less industri­
alized countries
100 109 116 124 130 4,8
Latin America 100 105 107 108 112 3.7
East and South­
east Asia




100 n o 120 126 143 13.5
Europe 100 104 104 101 100 -1 .0
European economic 
community
100 104 104 101 98 -3 .0
Adapted from UN source.
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p o lit ica l and geological factors. The country's rating is found by 
multiplying the geological and po litica l factors together. Table 2 
l is ts  Michener's evaluation for Southeast Asian countries. Michener's 
analysis fa i ls  because i t  is too general and s ta tic . The world is not 
so big that each country cannot be completely monitored by investors 
who recognize the need for a better information system than that pro­
posed by Michener.
Table 2 - Michener's evaluation of selected countries. (1969)
COUNTRY POLITICAL GEOLOGICAL TOTAL (P x G)
South Korea 6 6 36
Malaysia 7 6 42
Thailand 7 6 42
Indonesia 5 9 45
Philippines 5 8 40
South Viet-Nam - N/A
The trend in mineral exploration today is bypassing international 
mining companies especially those from the western world. The world­
wide Japanese influence has been successful mainly because the Japanese 
know when not to get embroiled in national disputes and how to compro­
mise. Developing countries with mineral wealth potential can take 
heart from the fact that while many international mining companies 
refuse jo in t  ventures because of unacceptable conditions and high risks, 
the UN, the Japanese and possibly others, are waiting in line w illing  
to work and cooperate in building the developing countries' economy.
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Japan's noncommercial contract in Indonesia is one of many examples.
I t  is interesting to note that one international mining corporation 
was asked to leave a large copper property in Central Asia, where i t  
had spent U.S. $12.0 million on exploration. Shortly afterward, an­
other international mining corporation, which had recently lost most 
of its  assets in South America, accepted an invitation from the govern­
ment to contract its  technical and management expertness and assist in 
getting their nationally owned property into production. The point 
should be clear to Viet-Nam or any other developing country; i t  is no 
longer necessary to compromise every issue with private foreign investors. 
Developing countries should seek their own identity and proceed in what­
ever manner suits their goals. The world demand for minerals is strong 
enough to guarantee that someone, but not everyone, w ill  be w illing to 
work with the more demanding nations.
In order to evaluate Viet-Nam's present climate for exploration 
investment, we w ill look at her p o l i t ic a l ,  legal and fiscal policies 
and compare them with those of neighboring developing countries.
Polit ica l S tab ility
Foreign investors look at a host country's po lit ica l s ta b il i ty  as 
the main factor in mineral investment. Raymond (1969), who published 
an exceptionally thorough study on Chile, noted a remarkable correla­
tion between po lit ica l s ta b i l i ty ,  favorable laws and foreign invest­
ment over a 425-year period. Polit ica l s ta b il i ty  greatly changed 
Indonesia in the past 5 years. Mining ac tiv ity  has increased many 
times, and the government has a close control over foreign investors.
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Closer inspection of Indonesia is warranted because Viet-Nam modeled 
its  new investment law (Law No. 4/72) after the expansive laws in 
Indonesia, Taiwan, Singapore, and South Korea (NEDF, 1972). The 
Suharto m ilita ry  government came into power in 1966 and found i ts e l f  
in a f ig h t for survival. The island country faced the same po litica l  
problem confronting Viet-Nam today. There was l i t t l e  money but a sense 
of identity amongst the people. Viet-Nam's struggle for identity  has 
been repeated in many of its  neighboring countries. Indonesia has had 
a shorter period of po lit ica l s ta b il i ty  than Viet-Nam, but has a smaller 
communist problem.
Mining is alive and well in the Republics of South Korea and the 
Philippines and is in almost daily contact with communism. United 
States foreign investments are not very large in either country, but 
there s t i l l  exists a viable mining industry contributing to total in­
dustrial development. Po lit ica l structures in both countries are quite 
similar and rely more on m ilita ry  control than on popular support. 
Korea's growth in mining and mineral processing can be readily seen 
on Table 3, where mining in 1971 contributed 2.8 percent to total GNP.
Table 3 - The importance of mining in the economy of South Korea. 
(Unadjusted United States million dollars)
1949-50 1953-54 1967 1971
Mining Production 14.6 23.2 135.0 151.0
Total GNP 1769.5 1721.2 4600.0 5650.0
Percent of Total 0.8 1.3 2.9 2.8
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Mining growth in the Philippines has been as significant as in 
South Korea. Recent discoveries have shown the Philippines to have a 
vast potential for porphyry copper and 1 a te r i t ic  deposits of aluminum, 
iron and nickel. There is no reason to believe that there w ill  be any 
financial shortfall for mineral exploration during reconstruction be­
cause of po lit ica l s ta b il i ty  in the government of South Viet-Nam.
Fiscal Policy
Fiscal policy and mineral development policy go hand in hand. The 
Indonesian experience is a good example of how quickly export earnings 
can increase, once sound fiscal planning recognizes the importance of 
minerals in economic development.
Publications concerning fiscal planning in developing countries 
are very numerous and often impressive. The Nathan Report (1954) on 
Korea concluded that planning was very important and that their report 
did not study the subject to death. S im ilarily  the reports on Viet-Nam 
are impressive and seem to be thorough, but a l l  appear to disregard 
planning for mineral development. At present the Vietnamese government 
is working under a 4-year plan. Supposedly after a peace accord is 
signed, a new postwar reconstruction plan w ill go into effect.
The Joint Development Group (JDG), composed of the Saigon based 
Postwar Planning Group and Development and Resources Corporation of New 
York, compiled an impressive program based on original studies and that 
of other workers (1970). Unfortunately, the work was accomplished 
during 1966-1967 and preceded the eventual discovery of and interest in 
petroleum resources. I t  is safe to assume, however, that the Joint
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Development Group knew as much or as l i t t l e  about Viet-Nam's mineral 
potential as is known today. Minerals as an aid to internal develop­
ment or an export-earning commodity should have been recognized in the 
JDG report. The long-range plan does include the development of min­
erals, but i t  also concedes that growth may be limited by restricted  
natural resource endowment, which was uncertain at the time of writing. 
The group emphasizes the need for creating exports and export markets 
and states that this development should have the highest p r io r ity .
The long-range plan recognizes moderate export potential for 
Kaolin clay and further noted that output w ill  depend on exploration 
a c t iv i t ie s .  For ferroalloys, aluminum, and copper, the export po­
tentia ls  are, respectively, possible, none, and none (1970, p .314).
The development strategy for these three potential export items is 
quite naive. For copper and aluminum the JDG suggests waiting until 
after 1977 and importing needed materials. The only hint of minerals 
surveying to be found in the entire book is the suggestion that fe r ­
roalloy export would be "feasible with cheap power i f  chrome, nickel, 
etc. found".
Viet-Nam's present and future problems are similar to those which 
have been resolved by other countries with various degrees of success. 
When a preliminary mineral survey is not immediately possible, i t  
should be an integral part of every development study. Viet-Nam is 
fam iliar with this approach since becoming involved in the Mekong River 
Basin Project. However, the irony and potential tragedy of incomplete 
planning w ill  be shown in the following examples.
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The Cam Ranh Bay Region has been studied by three Stanford Re­
search Institu te  management consultants (Bredo, 1966). This project 
was funded by AID and was a preliminary proposal for developing the 
central part of Viet-Nam. The geology of the area was explained and 
the mineral potential of the distant Western Highlands was recognized 
(Bredo, p .145). This may have been only superficial on the authors' 
part, because they fa iled to see the close-range potentials. Before 
1966, mineral sand concessions had been given in the area and 10 years 
before, ECAFE (1954, p .32) reported occurrences of t in ,  tungsten, iron 
and molybdenite 50 km southwest of Cam Ranh. No references to these 
mineral occurrences can be found in the Stanford report. The pr io rity  
of these minerals in the rational development of the Cam Ranh region 
should be obvious. The Stanford researchers stress the importance of 
advance data collection projects (Bredo, p .103). I t  appears the authors 
missed the point, though, when they claim that the eight objectives of 
a preliminary geological survey would be primarily for urban planning 
(p .128). This type of planning is inconsistent with established explora­
tion philosophy, which believes that the advance data collection stage 
begins with regional analysis.
The problem of land use conflic t could be p a rt ia lly  resolved i f  
the AID-supported Stanford group had considered the practical use of 
reclaimed land from s il ic a  and heavy mineral sand mining. For a minimal 
added cost, this reclaimed land could be used for solar-salt-evaporation  
ponds. The researchers make a good case for sound planning consistent 
with views presented in this thesis; however, they should add regional
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mineral exploration to their l i s t  of special fe a s ib i l i ty  studies (Bredo, 
p .159). The reasons are obvious; a molybdenite prospect that grows 
into a mine, only one half the size of the Climax Mine, Colorado, U.S.A., 
could have a modest effect on the Cam Ranh Bay infrastructure.
Another oversight more potentially disastrous to the economic re­
development of South Viet-Nam's 5 northern provinces was published by 
the JDG (1968). The authors mention the An Hoa coal fie lds but never 
once mention the reported occurrences of gold, zinc, lead, copper, min­
eral sands, iron, and possibly nickel. Thorough proper planning/has 
its  place in a ll projects. Preliminary mineral exploration should be 
given a high p r io rity  because of its  potential impact on the entire  
regional economy.
Moore and others (1971) have thoroughly investigated the export 
prospects for South Viet-Nam under contract from US-AID. While their  
work is an excellent compilation of information, i t  is very weak on 
the future import flow of minerals. They conclude that only s il ica  
sand and sa lt have export potential by 1980 and foresee Japan as the 
only market for these two commodities. The authors may well be correct 
in the ir  analysis, since l i t t l e  time remains before 1980 in which to 
find and develop the most superficial mineral deposit. The lag time 
between phases of mineral exploitation varies with the mineral being 
sought. Interestingly, a short project requires from 5 to 7 years be­
fore production is realized. I t  should be readily seen from Table 4 
that the shortest lag times occur in countries where minerals have a l ­
ready been exploited. The longest lag periods occur more frequently
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in developing countries where v ita l infrastructures or negotiations 
often consume valuable time. Fiscal planners in Saigon should become 
aware of lag time and the need for minerals exploration. Hopefully, 
through timely action, similar legislation and fiscal planning can in­
corporate a workable plan for the development of a viable export min­
erals industry which w ill  support the economy as quickly as possible. 
Many agencies are w illing to advise the Vietnamese; however, in a ll  
conversations with AID and UNDP, both agencies noted that a request 
should come from the developing country.











1-1*5 5-8 1 3
UNDP El Salvador N/A 4-5 - -
UNDP Mexico - 5 1 3
UNDP Panama - 3
AID Colombia 2 3-4 - -
Freeport Ertzberg 7 2 2 2
Conzinc Bougainville - 4 1 3





1 3 1 3
Legal Policy
Favorable legislation has been common to every developing country 
for attracting foreign capita l. Legal policy concerning mining
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and investing is a very dynamic concept and subject to change. Canada 
and Australia have had outstanding mineral export growth in the past 
years because of very liberalized laws. Interestingly, both countries 
are attempting to change their laws in order to slow down the growth 
of foreign ownership. Canada's concern has been recognized for quite 
sometime, but only in the last two years has the Foreign Investment 
Review Commission been able to analyze the problems in depth. Austra­
l ia  wants to conserve its  minerals and reverse the foreign-ownership 
trend which began in the early 1960's. Some observers estimate that 
more than 75 percent is owned by foreign investors.
The trend is somewhat obvious. Developing countries often induce 
foreign investors with favorable laws and then in an attempt to slow 
down foreign control, must legislate new controls. Some countries with 
only recent interest in m inerals--Brazil, Indonesia, Thailand, and 
others--have taken a new approach to legal policy making. Their ap­
proach to development is to have government participation and close 
control over foreign-investor a c t iv ity .  Indonesia is an excellent 
example from which Viet-Nam can learn. Most successful mining and in­
vestment laws have been d e fin it iv e , and simple for operators to follow 
and administrators to administer. In addition, a law which avoids 
subjective judgments by either party, e .g ., investor or host govern­
ment, has proven to be the more successful at inviting and maintaining 
foreign investors. Table 5 summarizes the mining laws of the region.
The most recent publication on mining laws and administration con­
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group (1969). ECAFE is very aware of its  regional potential for de­
veloping mineral resources and has sponsored many meetings for its  
member countries. H istorically , most developing countries have granted 
concessions to foreign or national explorationists. The exact terms 
have varied but were often very broad and generous to the explorers.
I t  has now become popular for the host country to award exploration 
contracts. The contract arrangement is often not as gratuitous to the 
explorer as was the concession-type arrangement. However, the foreign 
explorers can operate within the bounds of the contract.
The recent increase in exploration in Indonesia and subsequent 
discoveries with vast export-earning potential have become well known 
to the mining fra te rn ity . The Indonesian experience has been success­
ful and profitable to a ll  parties because of favorable governmental 
policies. The government undertook the revision of its  laws, which 
were based on Colonial Dutch rules, because i t  faced a l l  the common 
problems shared by other developing countries. Prior to 1967, prac­
t ic a l ly  a ll  exploration and mining had been undertaken by the govern­
ment and state enterprises. Because of a lack of capital and technol­
ogy s the state had limited its  ac tiv it ies  to small-scale primitive  
operations exploiting industrial materials, precious metals and stones.
Today, the Indonesian geological archives, while not overly ex­
tensive, are readily available to interested parties. In addition, the 
government helps by conducting f ie ld  v is its  and offering local guidance. 
Exploration contract agreements clearly stipulate that (1) the explo­
ration group w ill have a set time in which to conduct their a c t iv i t ie s ,
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(2) they must produce and submit a geological map of their area: to 
guarantee this work, the government requires a performance bond from 
every group, and (3) contract extensions are available from the govern­
ment when necessary. The basic mining law was passed in 1967. Success 
has been due to the law’s simplicity and clear defin ition of require­
ments for a l l  parties.
Vietnamese Mining Laws
In contrast to Indonesia's one major mining law, Viet-Nam has re­
tained over 130 colonial French regulations to guide its  mineral in­
dustry (Ely, 1971). Certainly 130 French laws cannot be right or proper 
for the national development of South Viet-Nam's mineral resources. 
Vietnamese law discriminates against foreign ownership or control of 
natural resources, and by their own admission the Vietnamese have never 
had any significant mineral production. Therefore, i t  would seem safe 
to assume that they have few indigenous technicians or managers capable 
of exploiting mineral deposits. The Vietnamese have never clearly  
stated their position on mineral exploration as a state operation, but 
with only a small geological and mining department they must realize  
the ir  lim itations.
At the ECAFE meeting in 1969, Viet-Nam interpreted its  laws but 
•gave no indication of its  attitude toward foreign ac tiv ity  (Viet-Nam 
Government, 1969). At the ECAFE conference the laws for exploration 
were explained. F irs t ,  every individual or corporation must get a per­
sonal authorization from the Ministry of Economic Affa irs . This au­
thorization can be denied or revoked at any time without prior notice
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or reason and cannot be appealed. After acquiring a personal author­
ization, the explorationist can apply for an exploration permit and 
must pay an advance fee. The amount assessed for the application is 
not stipulated. The exploration permit assigns a three by three 
kilometer square to the explorationist for his in i t ia l  search. Nine 
square kilometers equals 900 hectares, which also equals 3.59 square 
miles. This concession area is inconsistently small compared to grants 
in Indonesia and other developing countries. At the in i t ia l  stages of 
exploration, search should be regional in scale and not concentrated 
in 3.59 square miles. This law can only foster the development of 
known mineral occurrences which is a suboptimization of mineral in­
ventorying in an unknown high-risk environment. The government makes 
no demand on the explorationist to submit his collected data; there­
fore, nothing is contributed to the national-resource data bank for  
further analysis. The mining concession is granted after acquiring a 
personal authorization. The concession is real property and can be 
mortgaged. The mining concession is also for 900 hectares and gives 
the concessionaire exclusive rights of exploitation in that area. I f  
a mining concession is cancelled, the cancellation can be appealed and 
w il l  be settled by a "court of competent ju risd iction ."
In summary, i t  would appear that Viet-Nam's mining laws do not pass 
the tests of simplicity and ob jec tiv ity , the two prime prerequesites 
for encouraging private foreign investment in exploration. No appar­
ent guidance is given for f u l f i l l i n g  an exploration permit, no set 
price exists for fees and no rebutal is available to the explorationist
T 1548 19
i f  his personal authorization or exploration permit is cancelled. 
Conceptually, the law reduces the chances of anyone's success be­
cause i t  limits in i t ia l  search to 9 square kilometers and the searcher 
must know what he is looking for before he begins. Both legal con­
straints are unrealistic and self-defeating to any nation which hopes 
to invite  foreign participation in minerals development.
In a following section on the exploration process, i t  w ill  be­
come clear why these physical constraints have been cr it ic ized . At 
this time i t  would be wiser to discuss investment laws which also help 
to induce foreign participation.
Most countries in Southeast Asia have investment laws which en­
courage foreign investors to enter their country. Few countries, how­
ever, have progressive laws which are f le x ib le  and unrestrictive enough 
to allow the free flow of capita l. In addition to displaying po lit ica l  
s ta b il i ty  and having a workable mining law, Indonesia has an acceptable 
investment law. Viet-Nam recognizes the importance of a favorable in­
vestment climate and has been p a rt ia lly  influenced by Indonesia's law.
Vietnamese Investment Law
Viet-Nam requires that a l l  foreign investors register and qualify  
to conduct business within its  borders. Prior to June 1972, Viet-Nam's 
investment laws were similar to those of other strongly regulated 
countries. The new investment act, "Law No. 4/72 dated June 2, 1972 
Regulating the Investment Regime in Viet-Nam," hereafter referred to as 
Law No. 4/72, has created an entirely new climate for foreign investment.
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The new law compares favorably with liberal investment laws in Indo­
nesia, Taiwan and Singapore. Appendix A compares the old and new laws.
To be e lig ib le  under Law No. 4/72, a foreigner must be w illing to 
invest in one of the following:
1. Productive enterprises which w ill increase the gross national 
product.
2. Enterprise which w ill  use available domestic raw materials 
in particular agriculture surpluses.
3. Enterprises which w ill  improve the balance of trade and help 
a llev ia te  the unemployment problem. In this category w ill  
be found most of the enterprises oriented toward the in ter­
national market using either domestic or imported raw ma­
te r ia ls  or components.
While the new law is expected to a ttrac t much foreign capita l, i t  
hardly encourages minerals development. The o f f ic ia l  text of Law No. 
4/72 makes only one specific reference to mining:
Chapter I I I
A rt ic le  9 Approved enterprises shall enjoy the follow­
ing fiscal incentives:
6 (bis) - Exemption from land surface and volumetric royal­
ties on exploitation of mines, quarries until the 5th pro­
duction year inclusively.
I f  a foreign investor finances a national partner, i t  may be possible
to apply for the new investment privileges.
After petroleum interest developed in Viet-Nam, the government
passed a new petroleum law and reserved favorable areas for national
development (Viet-Nam Government, 1972). I t  would appear that from
this action, the Vietnamese w ill  probably have a separate investment-
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mining law for nonfuel minerals. I t  can only be hoped that when Viet- 
Nam revises its  mining laws, i t  w ill  take a hard long look at Indonesia 
and other countries for guidance in creating a simple, workable law 
which w ill  accelerate the growth of the industrial economy.
In summary, i t  can be seen that Viet-Nam has a number of problems 
which l im it  the inflow of capital specifically for mineral development. 
Although South Korea and Thailand have had state control on their min­
erals and development, neither one has enjoyed the growth and impact 
that other developing countries have had from foreign mineral invest­
ment. Exploration, however, is possible under the existing laws and 
controls.
The po lit ica l problems w ill  be resolved in time, and security w ill  
come to the countryside. Before such time, much can be done to prepare 
for f ie ld  work. Fiscal planners must become aware of the need to plan 
for minerals exploitation. Because of the vague inadequacies of exist­
ing legislation, development should probably come from government- 
sponsored or controlled exploration. How such work could be accomplished 
and by whom w ill  be the topic of further discussion.
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EXPLORATION PROCESS
Mineral exploration is a complex multidiscipline ac tiv ity  which 
has received increased attention in the past years. Broad-concept 
models are used by technical and managerial members of the profession 
which are often misunderstood by people outside the industry.
To national planners of developing countries, mineral explora­
tion may best be explained as a high-risk game where the chance of 
winning becomes greater as the game progresses. More s ign if ican tly ,  
mineral exploration is every developing country's chance to acceler­
ate its  development and reverse the trends of limited growth. Re­
cently, serious attempts have been made to understand exploration as 
an economic process (CONSAD, 1969). One point, often overlooked, is 
that even when exploration is immediately unsuccessful, i t  has long- 
range effects in the host country.
Herfindahl (1969) and Grunwald (1970) recognize exploration as 
a valid investment which is necessary for optimal and organized plan­
ning. There are varying costs associated with d ifferent exploration 
processes. In addition, there are increasing economies of scale to 
be realized at a ll  stages of operation, provided the multiple a c t iv i ­
ties are well coordinated.
Since exploration is a capital investment, i t  would seem wise to 
use p ro f i ta b i l i ty  as a decision-making criterion . This approach has 
been considered by Sullivan (1970) and appears to be relevant to co­
ordinators in developing countries. Sullivan h istorically  analyzed
22
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the major nonferrous metals and then forecast future demand related to 
discovery potential. Significant to South Viet-Nam, he ranked moly­
bdenum, zinc and lead as having the most future potential. I t  w il l  be 
shown that these three metals have been reported in Viet-Nam and the 
geology indicates a strong potential for commercial deposits. Booth
(1971) concludes that copper, nickel, t in ,  and zinc are favorable ex­
ploration targets because of their abundance and future price. So 
there are many who agree on what to look for and others who agree on 
how to look.
Successful exploration ac tiv it ies  are sequential processes which 
use past failures and successes for making decisions. On a broad re­
gional scale, Harris (1969) has developed an exploration scheme which 
assigns probabilities of profitable success to exploration in a study 
area. Statistics from a control area, which has similar geological 
factors to those of the study area, are used to derive the probability  
distributions. Harris concludes that exploration should be conducted 
in areas with the greatest potential for profitable discovery.
An interesting philosophy was presented by Drew (1966), who sta­
t is t ic a l ly  showed that saturation d r il l in g  for a ll  known exploitable 
minerals was a profitable exercise. His test area was the United 
States where past production was known to occur. I t  is not advised 
that developing countries consider d r il l in g  on a 10-km grid across 
their  entire country. Instead, proposals similar to those used by 
Harris (1969) and DeGeoffroy (1970) should be considered. The major 
premise in a l l  their work is that (1) exploration is a sequential
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process, (2) decision c r ite r ia  should be based on past knowledge, and
(3) updated probabilities of success using Bayesian techniques should 
be u til ized  extensively. Governmental coordinators need to evaluate 
just as their counterparts in industry. National planners should not 
look at mineral exploration as a gamble-to-ruin situation or feel that 
they are taking funds away from the agricultural sector which w ill
feed the population. I f  the entire cost-benefit analysis was ava il­
able only for UNDP ac tiv it ies  since 1960, i t  would be conclusive evi­
dence to a l l  that exploration' is beneficial and greatly helps a de­
veloping country by training nationals and building up geological 
surveys.
In la ter  sections, the impact of exploration on developing coun­
tr ies  around the world w ill  be shown. I t  is important to realize that 
without a survey, future planning can only be done in the dark. In 
the next section, exploration risk w ill  be analyzed and reduced by 
comparing Viet-Nam to known mineralized regions.
Harris (1969) and many other investigators have recognized the 
uncertainity of mineral investments. The recent attention given this 
subject is reflected in the number of publications which apply s ta t is ­
t ic a l game theory and other techniques of operations research (Brooke, 
1968 and Kim, 1971). H istorically exploration risk has been reduced
by jo in t  venture participation and more recently by new exploration
techniques and strategies. Exploration strategies are reflected in 
in corporate or group philosophies. Bailly (1972) presented an excel­
lent summary of the subject in a current publication, and his corporate
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viewpoint has application for developing countries embarking on a 
natural resource inventory project. Bailly explained how and where 
to search for ore; in addition, developing countries need to know 
when and how much to spend on exploration.
The subject of timeliness in exploration was well discussed by 
Herfindahl (1969), who recognized that exploration, a part of natural 
resource inventorying, is a capital investment. Exploration invest­
ments should compete with other investment opportunities on the basis 
of their  rate of return. He further concludes that increased expendi­
tures for exploration should be made to the point of diminishing re­
turns, e .g . ,  where the cost of additional information is equal to its  
value. Unfortunately, however, the value of information is more sub­
jec tive  than the easily quantified cost of an exploration program.
The connection between how much to invest and when (timeliness) in­
volves the fam iliar time concept of money, since Herfindahl feels 
that competitive projects should be evaluated by rate-of-return anal­
ysis. Regional mineral surveys are projects recognized by Herfindahl, 
as being somewhat time independent. I t  is this author's be lie f that 
mineral surveys should be conducted as soon as possible, since they 
can greatly influence economic growth and would cost more at some 
la te r  date.
The problem of how to compare exploration with other capital in­
vestments in developing countries has only recently been considered. 
The problem is probabilistic; hence a solution could possibly be 
evolved from s ta tis tica l decision theory. The major handicap is in
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obtaining the required data for the analysis. From published data on 
the geology and mineral occurrences of Viet-Nam, an elementary attempt 
w ill  be made to reduce the geological risk inherent to a mineral dis­
covery in the Republic of South Viet-Nam. A more sophisticated model 
could quantify mineral exploration with other capital investments.
For the exploration sector, i t  would be necessary to quantify the costs 
associated with discovering a deposit, the probability of an economic 
discovery, and the total returns resulting from that discovery. I t  
is beyond the scope of this thesis to develop such a model for Viej;- 
Nam.
The reduction of geological risk is accomplished sequentially 
throughout the exploration process by a number of techniques. In i t ia l  
uncertainty exists when deciding which areas within the country are 
favorable for mineralization. When no mineralization is known to exist, 
because of the probable fact that no one knowledgeable has ever looked, 
techniques such as characteristic analysis and factor analysis can be 
used.
The fundamental technique employed by explorationists to reduce 
risk is the concept that mineralization occurs worldwide in certain 
patterns and in a spatial relationship to mountain chains, or more 
specifically--orogenic belts. The analysis of metalliferous zones has 
become popular as known reserves have become depleted. Current re­
search is supported largely by UNESCO, but regional maps are becoming 
available from other sources. The Central American In stitu te  of 
Industrial Research and Technology (ICAITI) recently published a map
T 1548 27
on 1:2,000,000 scale of Central American metalliferous areas, which 
took more than 5 years of coordinated e ffo rt. The purpose of the map 
is to show graphic differences and the spatial distribution of minerals 
in Central America. Financial assistance was primarily from US-AID and 
the Central American Bank for Economic Integration (CABEI). Although 
no cost for the study was published, i t  can be assumed that this study 
is competitive with other types of geological a c t iv it ie s . The useful­
ness of this type of work w ill  be shown in an elementary application 
using the scant amount of information known about South Viet-Nam.
Tin is one major metal being exploited in Southeast Asia today. 
Stoll (1965) reported that the age of the major t in  producing metal­
liferous provinces are Hercynian, Mesozoic, or Tertiary. Southeast 
Asian occurrences are associated with granite of this age. This is 
very important because many investigators believe parts of Asia, in­
cluding South Viet-Nam, contain t in  provinces. Various Vietnamese geo­
logists have noted the occurrence of t in  and tungsten in young granites 
in Viet-Nam. Stoll further states that ore provinces do not necessarily 
co-exist with igneous provinces, and that igneous provinces may contain 
any number or ore deposits or none at a l l .  In addition, the Southeast 
Asian provinces contain either one, two, or a small group of common 
metals but are seldom polymetallic. Stoll investigated only ores as­
sociated with magmatic igneous occurrences. Most metalliferous de­
posits are not magmatic, as can be seen by the distribution of deposits 
reported by Ridge (1972). A summary of time and temperature re lation­
ships for mineral deposits in North America published by Ridge is found
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in Appendix B.
The Soviet sc ien tif ic  community has done much in the f ie ld  of 
metallogeny, and the classic Russian works have been analyzed by Bryner 
(1963). Bilbin (1967), one Russian authority, showed that the time and 
distribution relationship for the world reserves of major metals was 
very similar to that reported by Ridge. A relationship also exists be­
tween the metallic reserves and the stage of development of the orogenic 
belts. Bilbin's work has been questioned by many authorities, but as 
a broad-based concept i t  has relevance to our study and therefore the 
results of his work are summarized in Appendix C.
Liddy (1972) recently reported that the overall structure of the 
Southwestern Pacific region was controlled in part by the Asian conti­
nental land mass. The lithologic factors are somewhat d ifferen t in 
this region compared to worldwide ore deposits. Andesite, for example, 
seemed to be more typical for copper porphyry deposits in the Pacific  
than monzonite in the North American cordillera. The late Mesozoic- 
Cenozoic orogeny is considered extremely significant in the metallo- 
genic analysis of the region. This period corresponds to the Cim­
merian and Himalayan orogenies recognized in South Viet-Nam. The major 
zone of crustal in s ta b il ity  shown on Map 1, which runs a ll  along South 
Viet-Nam, originated in the Himalaya Mountains and branches in northern 
Thailand. I t  is interesting to note that Liddy did not show any de­
posits in the Annam Mountains of Viet-Nam on Map 2. I t  can be readily  
seen that mineralization occurs a ll  along the major lines of crustal 
in s ta b il i ty  and in association with local structures favorable for
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GENERAL ST RUCTURAL MAP OF THE SOUTH-WESTERN PACIFIC AREA




















economic mineralization in South Viet-Nam. To conclude the analysis, i t  
is necessary to review the geology and mineral resources of Viet-Nam in 
order to f i l l  the blank spot on Map 2.
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VIET-NAM'S MINERAL POTENTIAL
The French, and more recently the South Vietnamese, have com­
pleted extensive academic reports on the geology of Indo-China 
(Lacvoix, 1927 and Saurin, 1953). I t  is not entirely known what depth 
of investigation was achieved during the published studies. Some 
detailed petrographic studies accompany reports, but i t  is not known 
how samples were collected. The weathering in South Viet-Nam is very 
deep, and fresh petrographic samples are a ra r i ty .  In addition, l i t t l e  
is known about the age relationship of many lithologies. The most com­
plete summary of geology and mineral resources was published by Michael
(1972). Mr. Michael has had extensive experience in Viet-Nam as a geo­
logical consultant and has published many uncirculated reports on that 
country's resource potential (1970). Mr. Michael and other people with 
similar f ie ld  experience in South Viet-Nam a ll conclude that economic 
deposits are to be found in South Viet-Nam. Unfortunately, to date, 
our enthusiasm has not been publicly shared by national planners in 
Saigon and Washington,D. C.
Geology
In a recent conversation, Michael and this author concluded that 
the economic geology of the country is rather poorly defined. Base­
ment rocks of quartzite , schists and other metamorphic facies are 
presently assumed to be Precambrian or early Paleozoic in age. The 
age significance is important as shown in Appendix B, because the
32
T 1548 33
Precambrian is s ta t is t ic a lly  more favorable than Paleozoic for occur­
rences of economic deposits. Limestones, shales, and other sedimentary 
rocks occur in the Annam Mountains of central Viet-Nam and are assumed 
to be middle and late Paleozoic. The country has been affected by the 
Hercynian orogeny--a mountain building process which was accompanied 
by acidic igneous intrusions. The next orogenic event was the Cimmer­
ian, which occurred during the Mesozoic Era. This orogeny is recog­
nized around the entire Southwestern Pacific area as being associated 
with metalliferous deposition. The last orogeny, the Himalayan, 
probably caused the placement of basic igneous rocks and volcanics.
During the inter-orogenic periods, conditions were favorable for the 
creation of conglomerates, breccias and limestones, which are a l l  
favorable host rocks for replacement-type deposits. The last signi­
ficant geological event occurred in the Quarternary, when extensive 
basalt flows spread over vast areas in the Central Highlands. Recent 
flows occurred outside Saigon and are noted from the a ir  by a strong 
linear orientation of volcanic cinder cones. While no strong evidence 
exists at this time, except for the known occurrence of more than 50 
goethermal springs, i t  is strongly believed that parts of Viet-Nam 
are geothermal provinces with a potential for exploitation. Grose (1971) 
noted that geothermal springs occur in fa u lt  zones around the world. 
Interest in geothermal exploitation has increased greatly in the past 
decade, and economic development w il l  be accelerated in many developing 
countries that are mineral-fuel deficient (Hebb, 1972). Therefore, i t  
is my be lie f that mineral resource surveying in Viet-Nam should
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d e fin ite ly  include geothermal investigations. The regional geo­
morphology of South Viet-Nam, shown on Map 3, includes the known 
occurrences of geothermal springs noted by Waring (1965) but does 
not include a ll the springs known to the South Vietnamese Geologi­
cal Survey.
Mineral Occurrences
Mineral production has been very limited and sporadic. Minor 
production existed in the past for coal and for fe r r ic ,  precious and 
base minerals. No production statis tics  are known. During a review 
of published information spanning the past 20 years, i t  has been 
noticed that the number and type of occurrences reported has de­
creased. Appendix D l is ts  noted occurrences from Vietnamese l i t e r a ­
ture and uncirculated US-AID reports. The exact location of various 
prospects is not known to this author but probably could be found by 
personnel working with the Vietnamese. Map 4 is an attempt to show 
the broad regional location of the reported occurrences noted in 
Appendix D.
The relationship of mineral occurrences and structure is extremely 
significant. The correlation to work by Liddy (1972) is very strong. 
This author concludes that South Viet-Nam has at least two metallogenic 
provinces and many potential mineral d is tr ic ts . One must look at Map 
4 and realize (1) no significant mineral survey, using geochemistry or 
airborne geophysics, has ever been attempted, and (2) for the most part, 
reported mineralization exists in remote, tropical terraine and repre­
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previously undetected occurrences is very great.
Up to this point, I have attempted to show cause for cautious 
optimism on the part of Viet-Nam's reconstruction planners toward 
the mineral potential of their country. The factors considered sig­
nificant in this analysis are the broad structural, lithological and 
metallogenic s im ilarit ies  between South Viet-Nam and (1) the mineral 
deposits of the world, and (2) more specifically the Southwestern 
Pacific region. There also appears to be a strong correlation between 
orogenic events in South Viet-Nam and those occurring in metallogenic 
provinces worldwide. In addition, my personal optimism is ba;sed on 
experiences in Viet-Nam and a b e lie f ,  which is held by other explora­
tionists but not fu l ly  substantiated in this thesis, that regional 
exploration is most successful in areas which display a complex geo­
logical history including multiple orogenic events.
The s im ilarit ies  between South Viet-Nam and the metalliferous 
zones of the world can no longer be disregarded by those responsible 
for the coordinated postwar development of Viet-Nam's economy.
Probabilistic Regional Analysis
No one in North America has done more than Dr. De Verle P. Harris 
in developing and u t i l iz in g  multi-variate s ta tis tica l analysis (1965, 
1969, 1971). In two of Dr. Harris' more recent studies (Alaska and 
Canada), an attempt was made to place value on cells within the test re­
gion. This approach has been very well accepted by the exploration f ra ­
te rn ity . Certainly, any attempt to evaluate the economic worth of South 
Viet-Nam's or any other country's mineral potential using this concept
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would be extremely valuable. However, the task is nearly impossible, 
and the results would be much more probabilistic than those developed 
by Harris and ether workers. The main problem lies in transferring  
the major ass; - ions , used by Harris to the study area of South Viet-  
Nam. Even though some workers (Schiller and Berven, 1971) believe 
the Himalayian tectonic complex is very similar to the North American 
cord ille ra , s t i l l  some unique and separable characteristics need to 
be studied.
The model developed by Harris for the Alaska study (1971) con­
tained search and mineral wealth submodels. In the Southwestern 
Pacific control areas cannot be established with any large degree of 
r e l ia b i l i t y  because of the lack of information. The only control 
parameters which can be quantified at this time for Viet-Nam are gross 
structural features, favorable lithologies and noted mineralization.
The most obvious mineral potential for Viet-Nam is for commer­
cial deposits derived from la teriza tion . Map 5 shows the world dis­
tribution of nickel la te r i te  deposits and bauxite and iron ores occur 
in the same tropical belt. Interestingly, nickel, iron and aluminum 
have already been noted in Viet-Nam with very l i t t l e  follow-up work 
reported.
Structural features have played an important role in mineral dep­
osition not only in the Southwestern Pacific but in Korea. In ter­
national Mineral Engineers (1968) noted a striking relationship be­
tween Korean base and precious metal d is tr ic ts  and the Yuchon R if t  of 
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and mineral occurrence relationship exists in South Viet-Nam which is 
similar to that found in Korea.
The reported occurrences of gold throughout the entire country 
should be considered a guide to further exploration, as i t  has been 
shown that most large copper mines operating today in the North 
American cordillera had their beginning as precious metal mines or 
d is tr ic ts  (T itley  and Hicks, 1966). S ignificantly, the Bougainville 
Copper, Panguna deposit has very high gold values in its  grano-diorite 
copper deposit. In fa c t, as in many similar North American deposits, 
gold was mined in the area during the 1930's from copper-gold veins 
and stringers in an igneous stock. The Panguna deposit is less than 
2 miles from the original gold mine. The associated gold is high 
enough to support the cost of mining at the Panguna deposit. Other 
mineral relationships have been recognized in Viet-Nam, but l i t t l e  
is known about lithology or structure.
The mineral wealth encircling South Viet-Nam is very great. The 
variety of occurrrences and gross s im ilarit ies  in that country to pro­
ducing areas must lead the most ardent skeptic to conclude that regional 
evaluation of reported occurrences either between Da Nang and Quang Ngai 
or between Nha Trang and Phan Thiet-Da Lat warrant serious and thorough 
evaluation. Remembering the problems outlined previously, one should 
recognize that financing such exploration w ill be a major problem in 
the near future. In future discussions concerning exploration and f i ­
nancial case studies, examples w il l  be chosen which have similar geo­
logical environments. A review of possible sources of finance and 
technical assistance have been investigated.
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EXPLORATION FINANCING
Many techniques are available to developing countries for financ­
ing mineral exploration. The two basic divisions are domestic and 
foreign sources, and each has its  preference, depending on existing 
conditions in the country.
Domestic sources are often limited in most developing countries. 
Therefore, the new countries of Africa, South America and Asia have 
relied on foreign corporate or multi-national noncommercial assistance 
(Wright, 1973). In this review, both financial and technical assist­
ance are evaluated as they are inseparable.
The main attention w ill be given to agencies that have experience 
in either exploration or mining finance in the Southwest Pacific. I t  
is important for developing countries to realize that many agencies 
w ill  only offer assistance to countries with geological surveys and 
mining departments. Foreign corporate mining houses are one exception, 
as they would often prefer to operate independently. In li te ra tu re  
search to date, there are few examples of on-the-job training of na­
tionals by foreign mining houses except at levels below technician.
I t  is a recognized practice to employ as many capable nationals as pos­
s ib le , but foreign corporations generally do not train personnel as 
completely as UNDP or AID programs.
Domestic Financial Sources
I t  has been reported by Emery (1970), that local sources of capital
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in South Viet-Nam were insufficient for industrial development. To 
determine the current climate, a survey questionnaire was sent to 33 
banks in South Viet-Nam. As far as could be determined, the banks 
contacted represent better than 95 percent of the banking system in 
that country. The questionnaire and cover le t te r  were written in 
English and French. I t  was thought that this approach might be more 
favorably received by the people in the survey area. This assumption 
appears to be correct as the returns received to date have by and 
large been responded to in French. The returned questionnaires and 
cover le tters  are a valuable source of information, however, the per­
centage of returns was less than anticipated. None of the returned 
questionnaires answered the survey completely, but they did show a 
high degree of optimism and encouragement toward financing in Viet-Nam. 
One specific bank, when asked i f  i t  had ever financed exploration or 
mining ventures in its  country, responded with "not yet."
South Viet-Nam's commercial banking system has grown greatly in 
the last decade. Prior to 1960 there were few banks in Saigon and 
practically  no banks outside of that c ity . Today there are more than 
50 branch banks in the capital c ity  and an additional 50 branches 
throughout the country, but mainly concentrated in Saigon. Banking 
operations outside of Saigon are held practically in monopoly by the 
national treasury which controls the banking system throughout the 
country. In the last few years there has been a remarkable increase 
in agricultural banks, which are usually formed by government and local 
financial groups. A l i s t  of a l l  the major commercial banks in Viet-Nam
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can be found in Appendix E.
Interest rates for short term loans in Viet-Nam are surprisingly 
high. Survey returns indicate that interest rates range between 14 
and 28 percent per year plus a quarterly commission of one fourth of 
a percent. For the most part a ll  financing is done with local currency 
but i t  is expected that a loan financed by one of the international de­
velopment banks would be in whatever currency was stipulated. One par­
t icu la r return mentioned that sources of financial assistance for min­
eral projects might include the United Nations, the United States 
through AID, Australia, Taiwan and West Germany. Not one return men­
tioned France as a source of financing for mineral ventures.
National Economic Development Fund (NEDF)
Financing of industrial investments has historically  been com­
pleted by the Industrial Development Bank, which is government owned.
In June of 1972 the government of Viet-Nam established a National 
Economic Development Fund and was capitalized with VN $10.0 b il l io n  
supported in a large part by US-AID. The main objective of NEDF is 
to create a more favorable balance of trade by stimulating the agri­
cultural and industrial exports of Viet-Nam. At the present time, 
the balance of trade payments is running at a very large d e f ic i t ,  
with imports totaling over US $600.0 million and exports at approxi­
mately US $12.0 m illion. The main objectives of NEDF are compatible 
to developing mineral resources in Viet-Nam. The new fund is placing 
emphasis on export oriented enterprises and import substitution indus­
tr ie s ,  which would have an appeal to private foreign capita l. I t  can
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be readily seen therefore that any application which supports a valu­
able mineral commodity should be welcomed by the fund. The general 
outline for the fund and the new liberal investment laws have been 
tailored from previous legislation in Taiwan, Korea, Singapore and 
Indonesia. I t  should be obvious that the legislators in Viet-Nam 
recognized that their problems were quite similar to other Southeast 
Asian countries.
Industrial Development Bank (IDB)
The IDB is an autonomous public organization with legal status 
(White, 1972). Its  capital is obtained from the Industrial Develop­
ment Center and may be augmented with private funds and government 
loans. The bank's objective is to encourage private and foreign par­
tic ipation in domestic industries, and the creation of new industries 
of any size which w ill  contribute to the economic development of the 
nation. The IDB offers many services to help guarantee the success 
of every new venture. I t  provides medium and long term loans and in­
troduces new investors who might consider a jo in t  venture arrangement. 
Potential loans are evaluated on managerial soundness, growth potential 
and economic merit. In addition to interest rates of 12 to 15 percent 
per annum, an applicant pays the bank for a fe a s ib il i ty  study.
Since its  beginning in 1958, the IDB has participated in more 
than 500 industrial loans, which have been for te x t i le  and fishing 
development. The 1971 balance sheet showed assets at VN $5,349.0 
m illion . The IDB should not be considered a source of finance for min­
eral exploration. I t  would be wiser to approach the bank for an
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equipment or construction loan during the pre-production stage. For 
example, the Philippines Development Bank contributed US $20.0 million  
in equity capital toward the financing of the Marinduque nickel project.
Private Sources
Emery (1970) believes that private money lending is a s ig n if i ­
cant potential source of finance in South Viet-Nam. This feelfng is 
evident throughout the country by the number of pawn shops. In addi­
tion, there has probably been a large f l ig h t  of capital to foreign 
banks during the past decade. Host-Madsen (1965) believes that caution 
should be exercised when publicizing f l ig h t  capital in order not to 
exagerate figures which cannot be substantiated. In addition to dis­
regarding exported funds, i t  is probably safe to assume that private 
sources w il l  not be significant in the near future for mineral financ­
ing. The experience in Korea and other Southwest Pacific countries 
has shown that private sector capital is capable of supporting only 
small mining operations. Large capital intensive projects must be f i ­
nanced with foreign investments. The Marinduque project in the 
Philippines was able to raise only US $3.0 million in share offerings 
to the public. The Philippine private sector is considered one of the 
more affluent in the Southwest Pacific, but i t  should be remembered 
that growth and p ro fit  potential for other nonmining industrial pro­
jects is very great, and mining must compete with them for limited 
private sources of capita l.
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Foreign Financial Sources
The government of South Viet-Nam recognizes the need for foreign 
finance in its  economic growth. This fact was clearly stated in the 
liberalized investment law (Law No. 4/72) passed last year. Before 
the truce was signed in January 1973, optimism in Saigon business 
circles fluctuated with the daily news from the b a tt le f ie ld .  Saigon 
now hopes to have the public sector build its  strength and expand at 
its  own speed. The central government wants to act as a source of 
funds for growth through NEDF- and IDB, which were outlined in the 
prior section.
I f  a ll  conditions for foreign investment, e .g .,  p o l i t ic a l ,  eco­
nomic, legal and f is c a l ,  were comparable to those in Indonesia or 
Thailand, Viet-Nam would have l i t t l e  trouble finding foreign capital 
for mineral exploration. However, because of the limitations noted 
in the mining laws and fiscal policies, in addition to the general 
unawareness of the economic geology, Viet-Nam's only immediate course 
of action may be to seek assistance. The major sources of foreign 
finance and assistance w il l  be investigated in the following sections.
B ilateral Assistance
Most countries have b ilatera l agreements with other countries. 
Developing countries often have b ilatera l assistance agreements with 
many developed countries. South Viet-Nam is a member of many diverse 
groups, including the Asian Coconut Community, but the most helpful 
assistance for mineral exploration may be from the Asian and Pacific  
Council (ASPAC). The ASPAC members are Australia, New Zealand, South
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Korea, Japan, Malaysia, Taiwan, Thailand and South Viet-Nam. The basis 
for the grouping appears to be po lit ica l and not geographical. This 
is significant to South Viet-Nam, because po lit ica l avenues can pos­
sibly develop indigenous mineral surveying for low costs. Australia, 
Korea and Malaysia a l l  have specialization in minerals development and 
might possibly agree to assist the Vietnamese Geological Survey. Al­
though no replies from the bank questionnaire mentioned France as a 
source of capita l, i t  should be considered a source of technical as­
sistance to newly independent colonies. I t  is reported that for the 
past 20 years, France has supported the Vietnamese academic community 
and Geological Survey, and additional assistance should be available  
from BRGM for a minerals survey.
Mineral Resources Development Sub-Committee for Asia and the Far East 
(ECAFE)
Perhaps the easiest way for Viet-Nam to acquire assistance would 
be through this group. Although the sub-committee is part of the 
United Nations, assistance ac tiv it ies  are d ifferent from those outlined 
in the UNDP section. This group has been active in jo in t  regional pro­
jects and has worked on geological maps covering part of the area. I t  
is conceivable that well-mapped regions of Thailand, Malaysia and other 
countries could be used as control areas for developing an economic 
wealth model. Such an ac tiv ity  would be beneficial to a l l  regional 
countries for further planning. The group members act as technical 
assistants to developing countries. Malaysia and Thailand could give 
technical assistance to the Vietnamese Geological Survey. The exact
T 1548 48
function of the geological surveys in Laos and Cambodia is not known. 
Because of current ho s ti l i t ies  and past colonialization, i t  may be 
safe to assume that l i t t l e  jo in t  cooperation can be expected from 
Viet-Nam's immediate neighbors in the near future.
In summary, Viet-Nam should consider technical-lateral assist­
ance from countries in ECAFE, Europe and the United States.
Asian Development Bank (AsDB)
This is one of the younger area banks, which was conceived in 
1963 and became an operating institu tion in 1966 (AsDB, 1972). The 
AsDB acts as a partner for the development of projects between de­
veloping and developed countries in Asia and worldwide. Japan holds 
the greatest number of shares amongst the Asian members, and the bank's 
f i r s t  president was a prominent Japanese financial consultant. The 
bank's f i r s t  project was an Asian agricultural survey, and the trend 
since has been to assist the development of agriculture, infrastruc­
ture and industrial projects in the bank's region. From its  beginning, 
the bank has been successful because i t  was regionally conceived and 
encouraged by such people as Eugene Black, past president of the World 
Bank, and other international financial experts. The AsDB should be 
considered as a source of funds by member countries for mineral ex­
ploration because of its  strong regional sentiments and desire to in­
crease a ll  types of industrial growth. The bank has shown a tendency 
to concentrate its  projects in smaller, developing country members. 
White (1972, p.85) observed that the AsDB has not involved i t s e l f  in 
broad macroeconomic projects similar to those taken on by the World
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Bank. The difference could be explained by the fact that the World 
Bank is almost 30 years old whereas the AsDB is only a l i t t l e  more 
than 5 years old. In addition, the AsDB may well realize that its  
future strength and contribution to regional growth may well be in 
small projects which are less po lit ica l than broad-term group-country 
projects requiring cooperation between d ifferent po lit ica l factions.
Lending Policy. The AsDB operates within a very limited budget 
and must c r i t ic a l ly  evaluate every proposed project. The bank in­
vestigates the country's economy and the significance of the project 
to the overall development of the country. Although the bank's ex­
perience to date has not been in the minerals sector, i t  is expected 
that diversification in the near future w ill  include mineral surveys. 
The trend in this kind of financial assistance is increasing due to 
support from the World Bank. The AsDB has tried to keep its  interest 
rate as low as possible and also remain competative with other in s t i ­
tutions. In 1971, the bank charged an annual interest of 7.5 percent.
South Viet-Nam has received two long-term loans from AsDB (1972), 
totaling US $5.0 m illion at 2.5 percent interest per annum. These 
funds are used by the Industrial Development Bank of South Viet-Nam for 
further distribution. The Binh-Dinh Irrigation  Project received US 
$2.5 m illion for irr ig ation  rehabilitation in the north-central coastal 
province near the town of Qui Nhon. The total project is expected to 
cost US $6.0 m illion , and based on equipment being purchased, i t  does 
not appear that this project w ill  conflict with heavy mineral sand 
potential along the coast in that province.
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Technical Assistance. The bank has a very strong program of 
technical assistance with other institutions around the world. Many 
developed countries supply assistance in various ways, but generally 
serve as expert consultants for the planning of favorable projects.
The Ceylon case study w ill  elaborate on the a v a ila b il ity  of technical 
assistance. As of the end of 1971, South Viet-Nam has received US 
$0,293 million in technical assistance from the AsDB.
Case Study. In 1971, the AsDB granted its  f i r s t  loan to a min­
eral industry project. The industrial loan was given to Ceylon and
w il l  be used by the Ceylon Mineral Sands Corporation (CMSC), a state
/
owned mining corporation. The purpose of the loan is to finance the 
expansion and integration of the existing complex along the country's 
northeastern coast. In addition to the loan of US $4.15 million at 
7.5 percent per annum interest, the country received a US $50,000 
technical assistance grant. The grant was given to ensure the tech­
nical implementation and management of the project. These funds were 
given to the government of Ceylon to freely select necessary techni­
cal expertise for twelve man-months of managerial and technical tra in ­
ing. The project w ill  expand output from two deposits and update two 
processing plants. One stationary plant w ill be modified into a 
floating plant similar to that used at other heavy mineral sand mines 
around the world. At the time of the loan, the reserves were 3.26 
m illion metric tons at 80 percent combined ru t i le  and ilmenite above 
low water line. When the project is completed in 1975, annual output 
w ill  be increased by 60,000 tons for ilmenite, 11,000 tons for r u t i le ,
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and 9,000 tons for zircon. I t  is expected that after 1975, the program 
w ill  result in about US $1.4 million in net foreign exchange earnings 
annually. The outcome of this project w ill be important to the future 
of South Viet-Nam i f  i t  should consider the AsDB as a source of funds 
in exploring its  own mineral resource potential. The importance of 
this loan can be evaluated in two ways. F irs t ,  local fa m ilia r ity  and 
interest in Southeast Asia's mineral potential has been generated by 
the Ceylon project. Second, to the detriment of South Viet-Nam, the 
AsDB may feel that one loan for heavy mineral sands is su ffic ient in 
its  region, considering the competitive position of Australia, India, 
and the potential reserves in the region, reported by the UN-ECAFE 
group (ECAFE, 1971).
International Mining Houses
In this category are a ll  the major international mining corpora­
tions. Japan, because of its  significant influence in the Pacific, 
has been considered in a separate section. The major western corpora­
tions in this group would include American Metal Climax (AMAX), Anglo- 
American Corporation, Con-Zinc-Rio Tinto (CZRT), International Nickel 
Company of Canada (INCO), Newmont Mining Corporation and Selection 
Trust (SELCO). There are other similar companies but they can be found 
at a la ter  time. During the market study of heavy mineral sands, i t  
was found that Associated Minerals Consolidated, E. I .  DuPont and N. L. 
Industries are a ll  large international mineral sand producers.
The international houses are interested only in countries where 
their  investments are secure. Although they would prefer to operate
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in Australia or Canada, increased demand has forced them into Brazil 
and South Africa, which previously had been considered high risk  
areas. Insight into corporate philosophy has been mentioned. In 
addition, Callahan (1968) notes that American mining companies feel 
that overseas deposits must be extra significant. Foreign deposits 
must have higher grades and greater p ro fit  potentials, governments 
must be stable and taxes must be favorable.
Given the conditions and problems as they exist in South Viet- 
Nam, i t  is d i f f ic u l t  to imagine any foreign mining corporation o ffe r ­
ing to survey that country in the near future. This does not exclude 
the Japanese sector, who appear to be w illing and able to operate in 
higher risk areas than their western counterparts. With the mining 
houses effectively unapproachable in the near future, i t  is clear that 
other sources must be researched i f  Viet-Nam expects to realize min­
eral production before 1980.
Japanese Mining Finance House
Japan is very dependent on foreign sources of raw materials. I t  
is estimated that 60 to 100 percent of its  raw mineral supply o r ig i­
nates outside the country and that they w ill  commit almost 90 percent 
of the ir  total foreign investment in developing countries in the period 
1971-1975. The leading agency for mineral aquisition is the govern­
ment Ministry of International Trade and Industry (MITI). MITI is very 
conscious of its  active role in the development of developing countries 
and has pledged support for world harmony and development. Japan is 
the most in fluentia l force in the Pacific region, and Viet-Nam would be
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wise to consider Japan in i t ia l l y  for exploration assistance and later  
on for additional financial assistance for production phases. The 
Japanese MITI frequently sends out missions and less publicly scout 
areas close to Japan for mineral sources. I t  is not uncommon for the 
Japanese to make loans on future production but i t  is seldom done at 
the exploration stage. No possibility  should be discounted, however, 
when dealing with MITI. There are two main sectors in the Japanese 
industry. F irs t , are the Trading Companies, which seek out and develop 
contracts for the home smelters. I t  is said that the Trading Companies 
have the most e ff ic ie n t worldwide scout system in the industry.
Second, are the individual mining groups or zaibatsus who are very 
powerful conglomerates. A very interesting observation was made about 
zaibatsu psychology (Singer, 1971). The four main mining conglomer­
ates are extremely competitive, thus i f  one could be induced to in­
vestigate either Viet-Nam or any other previously unexplored area, the 
other zaibatsus w il l  feel almost compelled to follow the leader i f  only 
to retain their self-respect (Singer, p.401).
The Japanese have gone through four financial phases in order to 
secure their supply of raw materials. They f i r s t  used long term pur­
chase contracts which helped property owners finance new operations.
This approach is quite common in the heavy mineral sands industry in 
Oceania. Next they began to grant direct loans. This was done at the 
Ertzberg, Marcopper and Bougainville properties. Later on, in a 
further attempt to maximize p ro fits , the zaibatsus looked for properties 
where they could establish an equity position. One other notable
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success was Nippon's development of the Musoshi, Congo copper mine.
While these have a l l  been production-level arrangements, the Japanese 
have now begun to be active in exploration, primarily in Southeast 
Asia. This logical development was based on a desire to further maxi­
mize profits . For example, Table 6 l is ts  reported a c t iv i t ie s ,  from 
recent journals, in which Japanese mining companies have supported 
exploration. I t  should be recognized that either the government, the 
Trading Companies, or individual mining companies made the original 
contract to the foreign property, but because a ll  three parties work 
so closely, i t  is impossible to determine who in itia ted  the exploration.
In 1969, less than 2 years after Indonesia passed its  favorable 
mining and investment laws, 4 large Japanese firms signed a provi­
sional contract with the Indonesian government. The contract for 
prospecting, mining, and smelting on Halmahera Island required US $0.75 
m illion . I t  can be expected that once po lit ica l conditions are favor­
able in Viet-Nam, some Japanese mining firm could be induced to look 
into Viet-Nam's known mineral occurrences. I t  would be more favorable, 
however, to have completed some sort of survey or inventory before 
that time. Indonesia had UNDP assistance before the Japanese arrived.
In addition, the Japanese have followed UNDP surveys in Panama, the 
Philippines and in various South American countries.
The government has its  own exploration agency which developed 
from backward linkage in countries where i t  had previous financial 
experiences from producing operations. The government agency, Metallic  
Mineral Prospecting Promotion Agency of Japan (MMPPA), has been active
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in regions where there has been no prior production but the probabil­
i ty  of discovery is good.
Table 6 - Japanese either conducting or subsidizing mineral exploration. 
COMPANY EXPLORATION WORK MINERAL
Mitsui British Solomon Islands Bauxite
Nomura Sarawak Mercury
Nippon Philippines Copper-gold
British Colombia, Canada Copper-molybdenite
The Japanese agency MMPPA competitively bid on promising con­
cessions in Sulawesi and won the right to explore mining concession 
No. 4 in the northwest part of the Pomalea Nickel D is tr ic t (Mining 
World, 1970). Two surveys were organized on a noncommercial basis and 
worked in a 12,000 sq km area. The work included aeromagnetic and geo­
logical surveying with the results given to the Indonesian government. 
Follow-up ground geophysical and d r i l l in g  surveys came after  the in i t ia l  
work. Although the cost of the survey is not known, i t  is suspected 
that the Japanese won the right to have f i r s t  option on the more prom­
ising areas found during the f i r s t  stage. An arrangement similar to 
that in Indonesia could be extremely beneficial to the South Vietnamese 
i f  they could show significant cause for commercial mineralization in 
secure areas close to developed infrastructures. Such locations would 
have additional inducements to potential investors, who would not have 
to finance original transportation and other infrastructure fa c i l i t ie s .
Akira Onishi (1971) personally feels that Japan w ill  increase its
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participation with Southeast Asian countries in trade, and overseas 
private investment, human resource development, and regional coopera­
tion. Onishi further believes that Japan w ill be very w illing to 
help not only South Viet-Nam but a ll  of Indo-China once peace has come 
to the area. While a ll  indications are promising, but vague, the 
South Vietnamese should de fin ite ly  consider Japan for future assist­
ance in mineral resource development.
At present, any Japanese mining company should be considered a 
prime source of exploration aid. Possible government sources of aid 
would include the Japan Export-Import Bank, Overseas Economic Coopera­
tion Fund, and the Overseas Economic Cooperation Mineral Resources 
Exploration Promotion Group.
Uni ted States Agency for International Development (AID)
In the past decade no other singular non-military agency has been 
more active than AID in Viet-Nam. Its  ac tiv it ies  have been intensively 
oriented toward assisting the agricultural and industrial sectors of 
the economy. Quite unlike its  role in other developing countries, AID 
has done l i t t l e  about the mineral resource potential of South Viet-Nam 
(Popp, 1973). Consider Table 7, which shows the amount and kind of 
assistance given by AID to various developing countries during the 
.fiscal year 1970.
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Table 7 - AID assistance to developing countries for mineral 
development.
AID $
COUNTRY PROJECT NO. COMMITMENT REMARKS
Pakistan 11-210-253 67,000 Assistance for mineral 
resource appraisal
Colombia 52-210-109 1,700,000 Development loan for 
mineral resources survey
Indonesia 11-210-193 221,000 Technical assistance 
to Geological Survey
Liberia 51-210-071 395,000 Technical assistance 
for Geological Survey 
appraisal
Source: AID FY-70 Annual Report
In addition to outright technical assistance grants, AID also 
makes loans for the execution of sound projects. The conditions for 
the loans are not readily known, but i t  is assumed that they are com­
p etit ive  with other sources and possibly available for soft projects 
which would not be considered worthwhile by other agencies. The 
agency has supported many countries and perhaps the best way to realize  
AID's capacity would be through a case study.
Case study— Korea. The postwar conditions in Korea have already 
been mentioned and can serve as an excellent case study for Viet-Nam. 
The Nathan Report (1954) made some poor assumptions about the growth 
potential of the Korean mining industry (Cole, p .209). In spite of 
a l l  th is , AID grants to the Korean mining sector between 1958-1966 
totaled US $11.9 million and represented 5 percent of a l l  funds given 
by AID to Korea during that period (Cole). Part of those funds were
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in support of contract AID/FE-47, conducted for more than 5 years.
The government of Korea, through its  Ministry of Commerce requested 
technical assistance from the United States government through AID.
AID awarded a contract to International Mineral Engineers (IME),
Golden, Colorado, to f u l f i l l  the Korean request with c iv i l ia n  tech­
nical expertise.
The IME s ta ff  went to Korea on a 22-month contract which was sub­
sequently renewed 4 times. The specific objectives of the contract 
were (1) to increase the noncoal reserves of South Korea's mineral 
deposits by modern u t i l iza t io n  of geological and geophysical methods, 
(2) to aid in the insta llation of new metallurgical capabilities and 
improve present technology, (3) to search for and develop new deposits, 
(4) to conduct on-the-job training of Korean personnel in every phase 
of work undertaken by IME personnel, and (5) to instruct and tra in  
Koreans in the maintenance and use of equipment owned by the Korean 
Office of Minerals Exploration Project (KOMEP). During the contract 
period, more than 250 people received intensive training in either ex­
ploration or mine and metallurgical procedures. The mechanical tra in ­
ing school instructed more than 450 people. Tectonic analysis and 
other exploration techniques were credited with discovering many hidden 
mineral deposits. The complete evaluation of these new discoveries 
was le f t  to be carried out by the Koreans. In addition, more than 500 
v is its  were made to various lo c a lit ie s , and by the end of the contract 
more than 70,000 feet of recommended shaft sinking and tunnelling had 
been completed. New discoveries and added reserves were possible in
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a ll  noncoal sectors of the mineral industry, and new management 
techniques were beginning to slowly improve overall production. IME 
indicated that more than 35.0 m illion tons of proven reserves re­
sulted from its  a c tiv it ie s . With the knowledge gained in this period 
and from the success of contract AID/FE-47, Korea has begun to induce 
foreign capital to help develop and finish its  products domestically 
before they are exported.
The most significant outcome of this project was the dispelling  
of two commonly held myths. The f i r s t ,  written by Nathan (p .30) 
stated that South Korea lacked mineral resources, since they had been 
lost to the north above the 38th para lle l. IME had once again shown 
that geology and mineral resources are not limited by man made faults  
or offsets. Second, also noted in the Nathan report and disproved by 
IME personnel, was the be lie f that South Korea had been "studied to 
death." Study and investigation takes many forms, and i t  was obvious 
to the IME technical personnel in the f ie ld  that the study of South 
Korea's mineral resources had not experienced o v erk il l .  In addition, 
the Nathan Report (p .323-350) spends most of its  time and energy 
analyzing the role of coal in South Korea's postwar reconstruction 
and spends l i t t l e  time on the noncoal resources. Surprisingly, from 
a l l  indications to date, the same myths exist in South Viet-Nam. In 
a similar fashion, current programs and policies (JDG, 1970) for 
postwar Viet-Nam play down the role of mineral resource development 
to such a low degree that only coal and war scrap are considered in 
the f i r s t  planning period. The lessons learned (or that should have
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been learned) from Korea are clear. The s im ilarit ies  between Korea 
and South Viet-Nam are very great; however, more recent case studies 
w ill  show other possible alternatives available to economic planners.
Case study-- Co1ombia. The United States AID Program has had a 
large measure of success in developing countries. The United States 
project manager is from the United States Geological Survey who like  
other Department of In terior personnel have been on loan through AID 
to countries who request technical assistance. The program began in 
1961 when the Colombian Bureau of Mines and Petroleum (Ingeominas) re­
quested AID assistance in a national geological inventory. AID studied 
the project for 2 years before lending US $2.0 million for a 4 year 
project. The Colombian share was US $1.6 m illion. Later in the pro­
je c t  AID lent another US $1.7 m illion . To date, the project has cost 
US $5.3 million and Ingeominas estimates another US $1.75 m illion is 
needed to outline the deposit. The survey has employed 69 geologists 
during this time and a number of f ie ld  personnel. The in i t ia l  project 
objective was to scout a 25,000 sq km area in which the geology was 
favorable for porphyry copper deposits similar to those found to the 
north in neighboring Panama. The Panama discovery was in part due to 
UNDP f ie ld  work as noted in another case study. The 2 deposits dis­
covered to date extend along a ridge for about 6.0 km and have proven 
reserves of 625.0 m illion tons at 0.7 percent copper.
United Nations
The various agencies within the United Nations, Economic Commission
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for Asia and the Far East (ECAFE), UNESCO and others, a ll  compete for  
limited funds (Seward, 1973). The United Nations Development Pro­
gramme (UNDP) has been funding mineral exploration in the developing 
countries since 1960. Carman (1971) noted the UNDP ac tiv ity  in min­
erals has been one of success during its  f i r s t  10 years. Mineral in­
vestments assisted by the United Nations are made in many d ifferent  
areas. The primary emphasis is on surveying and institu te  building, 
which includes f ie ld  training of nationals while the survey is being 
conducted. In addition, assistance is given for water, geothermal and 
other studies. The UNDP also assists other agencies who execute 
specialized projects. The International Atomic Energy Agency has 
executed projects with UNDP assistance for uranium in Greece and 
Pakistan.
A typical UNDP exploration program is in virgin country with costs 
and risks higher than most private mining corporations are often w illing  
to accept. In fact, the United Nations had signed an agreement to con­
duct limited exploration in South Viet-Nam in 1960. The project was 
expected to take 3 years, to cost US $0.6 m illion to investigate and 
assess potentially favorable areas south of the 17th parallel (ECAFE, 
1960). The project was never started because insecurity made f ie ld  
work impossible. The current statis of this earlie r  project is not 
known. The UNDP, acting as an executing agency, has in itia ted  a new 
policy in the last 2 years. The new policy, known as country program­
ming, consists of planning for the integrated development of a ll  natural 
resources. Because many agriculture-based economies are often unaware
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of their mineral potential, i t  becomes a problem for the United Nations 
to sell a minerals inventory program to a host country. Once a country 
has decided to conduct a survey, the United Nations assists i t  in every 
way possible and trains nationals in a l l  procedures. The results of 
every survey become the property of the host country.
The UNDP exploration philosophy is a wonderful example of explora­
tion u t i l iz in g  techniques of operations research. The entire regional 
potential is analyzed, and ac tiv ity  is multimineral oriented. In addi­
tion, survey efficiencies are increased by conducting simultaneous sur­
veys for ground and geothermal energy. The United Nations' success in 
geothermal exploration is outstanding and has advanced the world's 
knowledge and known reserves.
Significant industrial mineral potential was discovered in Togo, 
where one of the earliest UNDP surveys was conducted. From this one 
deposit, marble is shipped to I ta ly ,  bentonitic clay is used in cement 
and phosphate is being evaluated for local use. The cost of the Togo 
project was US $1.8 m illion , investment generated w il l  be more than 
US $43.0 m illion and the estimated gross value is more than US $200.0 
m illion .
Analysis of the UNDP's total effect is nearly impossible to cal­
culate, but the United Nation feels that any discovery w ill  eventually 
make its  contribution to the host country and often the entire world. 
Table 8, compiled from Carman's report, reflects s ta tis tics  from only 
those projects for which estimated gross value can be made. A ratio  
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The ratios are quite high for metallic minerals, but the ratio  for  
Togo is certainly significant. Training from one UNDP program in 
the Philippines led to the important discovery of previously unknown 
deposits of gold and copper. This type of windfall is not common in 
jo in t  ventures with private corporations because very few corporations 
conduct on-the-job training of nationals. The direct implication of 
exploration in the developing countries is obvious. Herfindahl's be­
l i e f  that coordinated resource surveys are viable and competitive 
capital projects is well substantiated by the performance of the UNDP.
Activ ities  are not guided by po lit ica l considerations. Chile has 
recently acquired UNDP assistance in setting up a reserach center, 
which is expected to increase production from small-size mines with 
metallurgical problems. The project is expected to las t 5 years and 
cost US $2.0 m illion. The comparison between the UNDP and private in­
dustry may not be entire ly  ju s t i f ie d ,  but developing countries should 
consider the following facts.
The Consolidated Mining and Smelting Company of Canada Ltd. 
(C0MINC0) is a very large private mining corporation which was in­
corporated in 1906. In 1971, this 66-year-old international corpora­
tion had consolidated net profits of Can. $15,682 m illion . C0MINC0 
is recognized as being one of the leaders in the industry. G riff is  
(1971) recently reported on the success ratio of C0MINC0. Between 
1927 and 1970 C0MINC0 explored more than 1,000 properties, only 7 be­
came profitable operations, 78 of the 1,000 warranted close evaluation, 
18 were brought into production, but 11 mines were not profitable.
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No exploration costs during that time are available; however, the 
important s ta t is t ic  is that COMINCO's search has produced 7 p ro f i t ­
able mines in 40 years.
On the other hand, the UNDP, during 1960-1970 spent US $55.94 
m illion in 54 countries, has at least one completed economically viable 
deposit and is evaluating more than 10 others. The United Nation's 
10 year ratio  of 1:50 is equivalent to 20:1000, but should not be 
directly  compared with COMINCO's ratio  of 7:1000. An in-depth analysis 
of the UNDP philosophy would make an interesting research project. The 
following case histories concern UNDP projects which show extreme prom­
ise. The viable operation found in the period 1960-1970 and reported 
by Carman, is not included.
Case study-- Indonesia. In 1968, the UNDP in it ia ted  a US $2.33 
m illion project in Indonesia to expand the known offshore t in  reserves 
(Northern Miner, 1972). The UNDP financed US $1.1 m illion , and the 
Indonesian government paid the remaining US $1.23 m illion . The in i ­
t ia l  project manager was a famous Austrian placer engineer. The pro­
je c t consisted of an extensive d r i l l in g  program which used e f f ic ie n t  
equipment and d r i l l in g  techniques. In addition, new ore dressing 
techniques were developed which increased the recovery of extremely 
fine sized ore, and other previously lost by-products. Economically, 
the t in  industry is the third most important export product, employ­
ing almost 400,000 Indonesians. The project's success can be measured 
in the fact that each 1 percent increase in t in  recovery means US $0.5 
million in export earnings. Also, new sk ills  are being learned which
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w ill  enable the Indonesians to conduct their own similar projects 
when the UNDP contract has been completed. This type of project can 
have a favorable affect on Viet-Nam's development. I t  may be possi­
ble to receive aid or assistance from Indonesia in the evaluation 
of Viet-Nam's placer t in  potential, which may exist near known bed­
rock occurrences.
Case stud,y-- Panama. One of the more recent exploration success 
stories is presently going on in Panama. The relevance of this pro­
gram to Viet-Nam is significant for two reasons. F irs t ,  the legal 
structure of Panama was not as simple and workable as that of Indonesia. 
Second, the study serves as an excellent study of UNDP exploration and 
the affect that such a program can have on a developing country.
The project was in it ia ted  with US $1.5 million funds from the UNDP 
and US $1.04 m illion from the Panamian government. I t  took more than 
3 years of hard work in a dense jungle environment before the news of 
a discovery was released (Mining World, 1968). The UNDP program in­
cluded a ll  modern exploration techniques, but because of the te rra in ,  
few outcrops, deep residual weathering and a lack of roads, the in i t ia l  
discovery is credited to geochemistry. Two deposits were discovered 
i n i t i a l l y  during the f i r s t  stage of the UNDP program, but another de­
posit, possibly more significant than the other two, was discovered 
independently by Canadian Javalin Mines Ltd. in a similar regional 
setting (Lutjen, 1972). Javalin Mines' wholly owned subsidiary,
Pavonia S. A ., has been active in the area since 1970 and has spent 
more than US $3.0 million on exploration to date. At various times
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Pavonia S. A. has employed up to 200 local workers and has spent much 
in the local region. The reserves at Cerro, Colorado, a concession 
for which Pavonia S. A. outbid Placer Ltd. on a government lease, have 
been placed at over 1.0 b i l l io n  tons at 0.6 percent copper. The Cana­
dian firm does not believe any d if f ic u lty  w ill  be encountered with the 
government during fina l preproduction negotiations. The president of 
Canadian Javalin observed that the local government has business ex­
perience from having worked with Americans in the Canal Zone. The 
Vietnamese should also have this experience from working with large 
American contractors during the past 10 years.
The first-phase UNDP report released jo in t ly  with the government 
in mid 1968, brought immediate requests for concessions from the world 
mining fra te rn ity . One Japanese group sent a mission and offered an 
in i t ia l  US $1.0 million premium with other funds to follow. Follow-up 
work during phase one outlined 2 deposits which upon closer evaluation 
appear to be 4 separate deposits.
During phase two of the jo in t  exploration program, the UNDP found 
additional mineralization in the Panamanian Cordillera along the coast 
near Colombia. Mineralization included copper, molybdenite, gold and 
zinc, associated with granodiorite and andesite rocks. The Panamian 
government, having become fam iliar with dealing with foreign investors, 
invited applications for further exploration and development after a ll  
the UNDP work had been completed. The UNDP project w il l  have a lasting 
effect on the entire Panamian economy. Recalling Herfindahl's comments
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that natural resource surveying is an intermediate capital cost, one 
can easily see that US $2.5 million was a small in i t ia l  outlay. In 
re a l i ty ,  the Panamian expense of US $1.04 million was probably re­
gained with interest from foreign investors bidding for further ex­
ploration rights (Carman, p .320).
World Bank Group (WB)
Historically few preliminary exploration projects have been f i ­
nanced directly  by the World Bank. The trend may be changed soon be­
cause of recent ac tiv it ies  in Zambia. The loan to the government of 
Zambia was for the exploration of a previously unsurveyed part of the 
country. The potential of the area, based on past production in 
neighboring areas and favorable geology, was significantly high enough 
to meet the World Bank's c r ite r ia  for a loan. The primary phase of 
exploration was conducted by a United States contractor, and a ll work 
was to be computerized.
The World Bank group has many a f f i l ia te s  and conducts research 
and assistance in every economic sector. In 1972 i t  financed an in­
vestment fe a s ib i l i ty  study on Indian phosphates which cost US $175,000 
(World Bank, 1972). I t  may well be possible for Viet-Nam to acquire 
similar assistance after a feasible project has been recognized. This 
•study in India follows a 3 year project aided by the UNDP who probably 
proposed the study which was financed by the World Bank.
To date the World Bank (1972) has financed US $289.3 m illion for 
mining and other extraction in the world. No direct loans have gone 
to East Asia and the Pacific areas, which includes Southeast Asia,
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Oceania and Indo-China. US $54.5 million has gone to South Asia. 
Although the World Bank group recognizes its  lack of mineral extrac­
tion support to that area, the past trend is not expected to change 
unless some very sound projects are proposed.
The World Bank has been working closely with UNDP in the re­
organization and development of country programming. The program­
ming approach is consistent with the exploration process and national 
resource planning as developed in this thesis so fa r .  The UNDP con­
cept of planning for 3 to 5 years in advance is very agreeable to the 
World Bank, as i t  is committed to financing hard projects which by 
necessity w ill  be long range in scope. The plan was in i t ia l l y  c r i t i ­
cized for being in f lex ib le , but the UNDP and WB agree that new pro­
jec ts , not recognized during the f i r s t  budget proposal, w il l  be 
financed i f  they have high investment potential.
The resources of this financial institu tion should be considered 
in a la te r  stage of Viet-Nam's development. The WB has made many loans 
to national development banks which could be used to secure mining 
equipment for small- or medium-sized operations.
The WB serves as an executing agency for the UNDP projects and 
i t  may well be that indirectly the WB is doing as much as anyone else 
in fostering mineral exploration in developing countries, but i t  should 
not be considered a direct source of funds for in i t ia l  surveys in 
areas with no prior history of sustained production.
Summary
Getting started is the biggest problem. The developing countries
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contemplating mineral resource surveying should f i r s t  survey its  
human resource infrastructure. The country with no geological sur­
vey and/or university graduating earth scientists might only be 
able to contract professional services while nationals are being 
educated overseas. Some place in a nation's development i t  must 
build this necessary infrastructure. I t  is implied that a multi­
mineral search is the most successful program. However, for some 
easily recognized commodities such as mineral sands, i t  may only be 
a small sacrifice of probable success to conduct a singular com­
modity survey.
Who should be invited? This question should be decided after  
a country has inspected its  own infrastructure. The easiest selec­
tion would be found by looking at neighboring countries who have 
had some measure of success. Immitation may be the highest form 
of f la t te ry ,  but in addition i t  may also be the fastest and least 
expensive decision. The best selection would be found by choosing 
that group or agency with the greatest number of successful programs. 
The fina l selection would be based on that country's self-analysis  
and discussions with experts in the minerals f ie ld .  Advice is readily 
available from the United Nations.
As a further guide to selecting agencies or a c t iv i t ie s ,  Table 
9 has been constructed to match exploration ac tiv ity  with a possible 
agency. The reader is warned that Table 9 is a subjective attempt 
to structure exploration in South Viet-Nam and may not be applicable 
to every developing country. The table l is ts  various ac tiv it ies  such
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as technical assistance and secondary follow-up surveys. Along the 
top, various agencies researched to date have been noted. Beneath 
each agency is an evaluation for each ac tiv ity . For example, US-AID 
could be considered for regional surveys, as conducted in Colombia and 
South Korea.
A comment of "possible" implies that the agency in question has 
had no experience in that a c t iv ity ,  but from a ll  indications, i t  would 
consider a program i f  adequately proposed. The comment "not l ik e ly " 
is used to imply that a particular ac tiv ity  is almost completely beyond 
the scope or objective of that particular agency. I t  is apparent from 
our investigation to date that domestic sources are not to be considered 
for in i t ia l  surveying. They should be considered for la ter participa­
tion in jo in t  ventures with foreign investors. I t  is strongly sug­
gested that the agency selected to conduct the survey be capable of 
thoroughly evaluating the geothermal potential jo in t ly  with a minerals 
survey.
A developing country should strongly consider one of the many 
bila tera l agencies or assistance groups for in i t ia l  work. Unless 
extremely favorable conditions ex ist, an in i t ia l  invitation to private  
explorationists should not be considered. However, a fter  security 
has been established in the country and once mineralization has been 
indicated, bids could be received from them for secondary surveys and 
fe a s ib i l i ty  work which possibly could repay the government's survey 
expenses. From Panama's experience we can envision mineral surveying 
as possibly being a profitable venture. Many decisions are required
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to successfully establish an exploration program. Starting a mineral 
survey with an auxiliary institu te  building program is perhaps the 
biggest decision a developing country w ill make.
Current problems in South Viet-Nam make country-wide mineral ex­
ploration impractical. There is a possibility for mineral production 
before 1980 in those commodities which have low in i t ia l  capital re­
quirements, re la tive ly  simple exploration procedures and occur in areas 
which are presently secure. One such commodity is heavy mineral sand 
and the Geological Survey appears to be aware of this potential.
In keeping with the basic philosophy of p ro f i ta b i l i ty  as a guide 
to exploration, a market survey of the heavy mineral sands industry 
was conducted. The next chapter is a review and forecast of the min­
eral sand industry. The problem of conducting exploration for a single 
commodity is generally not an optimal search technique for a regional 
survey; however, the interest shown by the Geological Survey warrants 
further support by a ll  interested persons.
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HEAVY MINERAL SANDS: REVIEW AND FORECAST
The mineral sand industry, hereafter referred to as HMS, can 
be defined as that industry which exploits unconsolidated sand deposits 
and processes an ore containing r u t i le ,  ilmenite, leuxcoxene and 
zircon. An analysis of the industry must include a study of the 
titanium and zircon industries. To the student of mineral economics 
this presents a formidable problem because l i t t l e  s ta tis tica l in for­
mation is available through published sources. Most corporations 
reporting to the United States Bureau of Mines request that production 
figures be disguised. In addition, the industry is comparatively 
young and is currently experiencing the growth and stabilization  
factors that have been f e l t  by other more mature sectors of the min­
erals industry. Compared to mature metals such as iron and copper, 
the titanium and zirconium metals have only recently established 
markets and are therefore d i f f ic u l t  to forecast with a high degree 
of r e l ia b i l i t y .
In the past 20 years, total world production, Table 10, has in­
creased at least fourfold; moreover, problems of supply are beginning 
to appear in countries which have h istorically  supplied the free  
world. The problems of environmental protection and exhaustion of 
known resources, which plague a l l  sectors of the mineral industry, are 
becoming acute for heavy mineral sand producers. Appendix F l is ts  




Table 10 - Estimated free world production of heavy mineral sand 





Source: USBM Minerals Yearbook
Industry Structure 
The free world heavy mineral sand industry is controlled by a 
small number of large corporations who have accounted for more than 
70 percent of the free world's annual production. Economically, the 
industry could be likened to an oligopoly consisting of a few members 
producing a somewhat standard product. In addition, many members have 
ve rt ica lly  integrated ac tiv it ies  and control the source(s) of their  
raw materials and intermediate and final processes. The largest 
members of the industry are Consolidated Gold-Fields Ltd. with its  
Australian a f f i l i a t e  Associated Minerals Consolidated Pty., E. I .  
du Pont de Nemours, and N. L. Industries (formally National Lead). 
Tables 11 and 12 l i s t  the current major free world heavy mineral sand 
producers.
Within the United States, E. I .  du Pont and N. L. Industries 
have almost a monopoly on processing titanium ores and concentrates. 
Worldwide, N. L. Industries controls much of the processing, and 








Domestic production began about the turn of the century when 
beach deposits were exploited in Florida. The history of exploita­
tion in this country has been repeated in many areas around the 
world. Domestic technology is similar to that used in Australia;
Figure 1 is a typical flowsheet of a heavy mineral sand operation.
At present, Florida leads a ll  other states in the production of heavy 
mineral sand and is expected to maintain this position in the fore­
seeable future.
Table 11 - United States domestic heavy mineral sand producers.
FIRM LOCATION SIZE (TPY)*
E. I .  du Pont de Nemours Starke, Florida 100,000 (es t.)
and Company, Inc. Highland, Florida 100,000 (es t.)
Humphreys Mining Company Folkston, Georgia
SCM Corporation Lakehurst, New Jersey 85,000 (est.)
Glidden-Durkee Division
Titanium Enterprises Green Cove Springs, 140,000
Florida
ASARC0 (mid 1973) Lakehurst, New Jersey 165,000
*Estimated annual production capacity of ilmenite concentrates.
New production w il l  be in it ia ted  in the coastal plain of New Jersey 
by American Smelting and Refining Company (ASARC0). A 10 year contract 
for the total output has been signed with Dupont and i t  is expected that 
ASARC0 has a 25-year reserve at this location.
The Trail Ridge, Florida, deposit currently being exploited by 


























Figure 1 - Generalized flowsheet of a mineral sand operation.
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around 1950. Production from the Highland plant started in 1953 with 
an in i t ia l  capital outlay of $3.0 m illion. This was one of the f i r s t  
deposits to be mined with a suction dredge. The concentrator is rated 
at 1000 tons per hour. The deposit, although not entire ly  under con­
trol by Dupont, is 19 miles long, 1.5 miles wide and 50 feet thick and 
has an average grade of 4 percent heavy mineral sand content. Though 
reserves at this deposit are quite extensive i t  is not envisioned that 
the entire deposit w il l  be mined for land-use conflicts exist.
Domestic production accounts for less than one half of the United 
States demand. This concern about foreign dependence for ilmenite and 
ru t i le  has plagued our government and industry for a long time.
United States' titanium resources are quite extensive and well 
documented (Peterson, 1960). Recent environmental concern along the 
East Coast and the Pacific Northwest has created legislation similar 
to a new placer law in Montana. Montana's new law requires an operator 
disturbing more than 10 yards per day, to post a restoration bond of 
$1,000 per acre and submit a plan which proves his ac tiv it ies  w ill  not 
be detrimental to (1) the future economy of the area and state, (2) 
the local habitat, and (3) natural resources. Environmentalists can 
be comforted by published resources, but industry must meet domestic 
demands by developing foreign deposits.
Australian Industry
Australia is the free world's leading producer of heavy mineral 
sand with production occurring along the east and west coasts. In 
1970, Australia produced 90 percent of the world's r u t i le ,  82 percent
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of its  zircon and 25 percent of its  ilmenite. Value, in 1970 for ex­
ported mineral sands was more than A $44.0 million and certain Austra­
lian  authorities project an export value of between A $61.0 million  
and A $88.0 m illion by 1980.
The Australian deposits occur intermittently in present day 
beaches and old paleo-beaches for many hundreds of miles along the
eastern coast. The mineral sands have been derived from erosion
processes occurring on granites and other rocks inland, and trans­
ported to the coast, where they have been worked and reworked by 
waves and wind action to form the present deposits. Deposits cur­
rently being mined are lenses from a few inches to as much as 10 feet  
th ick, which extend la te ra lly  from a few yards to several hundred 
yards in width. The size of a deposit's length is a function of the 
size of the beach and in some areas many deposits are several miles 
in length.
In Southwestern Australia between Bunbury and Busseleton, the 
deposits are found adjacent to the present beach!ine and as far  
inland as 10 or 15 miles. The deposits in this area are worked p r i­
marily for their  ilmenite content which may comprise more than 90
percent of the heavy mineral sand content.
Australian mining and processing is the most advanced in the in­
dustry. New techniques incorporating suction dredges and bucket-wheel 
excavators allow economies of scale in order to exploit deposits with 
less than 3 percent mineral sand content. Australian beach mining be­
gins with the stripping of topsoil, which is stacked for future
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reclaiming. Mobile floating dredges pick up the mineral sands and 
pump them to their f i r s t  stage of concentration. At this f i r s t  stage, 
a wet concentrator separates the heavy mineral products from the 
beach sand by using screens and sluices and spiral concentrators.
These concentrates are then transported to a dry plant, where the 
remaining quartz and other sands are removed on concentrating tables 
and dried. Dried concentrates pass through various electrostatic  
separators, which yie ld  a zircon-rich or a ru t i le -r ic h  product. Once 
an area has been mined out, the surface is reclaimed by leveling and 
contouring, and the topsoil is replaced. Land is planted with what­
ever vegetation is native to the area, and a ll  ac tiv it ies  are con­
tro lled by government specifications for environmental restoration.
The Australian industry is dominated by Associated Minerals Con­
solidated Ltd ., which is controlled by Consolidated Gold Fields Ltd. 
The larger producers are listed on Table 12. Environmental leg is la ­
tion is becoming more forceful along Australia's coast. I t  may soon 
be impossible to develop new deposits near the present shore line  
and the country's 20-25 year reserve w ill  be greatly reduced. The 
current oversupply could be reversed in the near future i f  new pro­
duction is not developed.
Others
The remainder of free world production is from many d ifferent  
countries. India is building a state-controlled industry which w ill  
be integrated from the mining through the processing stages. In 
addition, increased production is coming from Ceylon, Brazil and
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Titanium and Zircon 
Industries Ltd.
Western Titanium N. L.
Wyong Minerals Ltd.
Zircon Rutile Pty. Ltd.
Cable Ltd.
Consolidated Rutile Ltd.
Cudgen, R. Z. Ltd.
Currumbin Minerals Pty. Ltd.
Ilmenite Minerals Pty. Ltd.




N. S. W. Rutile Mining 
Company Pty. Ltd.
Queensland Titanium Mines 
Pty. Ltd.
Rutile and Zircon Mines 
(Newcastle) Ltd.
Western Mineral Sands Pty. Ltd.
Westralian Sands Ltd.
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Malaysia. Sierra Leone has a ru t i le  deposit which is reported to be 
the largest in the world; but, to date i t  has not been successfully 
exploited because of technical and other d i f f ic u lt ie s .  The lease is 
now held by ARMCO Steel Corporation. As Australian production declines, 
i t  can be expected that new deposits w ill  replace lost production; how­
ever, each new deposit w ill  have to meet very s t r ic t  economic, market­
ing and technical requirements to warrant exploitation.
Marketi ng
The marketing structure of the domestic industry mirrors the free 
world structure where long term sales contracts and tied production 
guarantee a supply at stable prices. The recent announcement by 
ASARCO to begin production in 1973 at their New Jersey property upon 
completion of a 10 year contract with E. I .  du Pont reflects one major 
marketing technique used in the industry. The following 4 marketing 
techniques, with examples, are employed in the HMS industry.
Tied Production
Tied producers owned by vert ica lly  integrated processers or con­
sumers, E. I .  du Pont and G1idden-Durkee, are 2 domestic examples.
United Kingdom consumers have tied production in Australia.
Long Term Sales
Long term sales contracts for more than 5 years are a very common 
technique. The above-mentioned ASARCO contract to Dupont is a clear 
example. Dupont w ill  receive 165,000 tons per year with an average 
grade of 62.5 percent titanium dioxide.
T 1548 83
Internal Marketing Departments
Selling or marketing offices of the producer distribute their  
own production through various arrangements. This technique is used 
by many Australian producers and other established world producers.
Merchants
Speculative merchants who buy for small customers and themselves 
make up the smallest sector of the market. C-E Minerals, a division 
of Combustion Engineering, is a broad-based domestic merchant dealing 
in HMS products.
Marketing Factors
Mineral sand deposits, like  other industrial minerals, are common 
and generally have a low unit value. Deposit evaluation requires 
analysis of many physical parameters in addition to the common factors 
of acquisition cost, operating costs and distribution. Raymond B. 
Ladoo (1964) believes that, under some circumstances, a market survey 
should proceed final plant construction because the survey results 
could greatly influence mill design. E. H. MacDonald (1971) con­
siders the following factors to be important in marketing HMS concen­
trates.
Continuous and Uniform Supply. Tonnage and grade must be known 
well in advance of sales. Specifications must be met throughout the 
contract period because processors have s t r ic t  requirements on feed 
m ateria l.
Concentrate Purity . Buyers of ilmenite and zircon are concerned
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about various impurities which can be deleterious to their processing.
Metal Content. In general, higher metal content in the raw 
material guarantees higher output from most processes. In addition, 
high titanium content implies a lower iron content, which reduces 
the effluent produced. Paradoxically, metal content cannot be too 
high because some processes require longer reaction times.
Solubility  and Reactivity. The ferrous-ferric ratio  of ilmenite 
controls the reaction rate in various processes. Low grade ores re­
quire additional processing, which increases the finished product cost.
Homogenous Composition. Beach sands are seldom homogenous min­
eral grains. In many deposits, ilmenite grains have intergrowths of 
magnetite and/or chrome. The relationship between minerals present 
must be known in order that an e ff ic ie n t mill can be designed to meet 
customer requirements.
Grain Size. Particle size is very important in chemical pro­
cessing as i t  affects reaction rates. In addition, zircon used for  
foundary sands must meet s t r ic t  size specifications.
Marketing is the key to a viable operation. MacDonald (1971) 
expressed this subject perfectly when he said:
However, the discovery of new deposits is not an end 
in i t s e l f ,  as the minerals concerned are valueless until 
they are recovered and processed into saleable form, and 
marketed at satisfactory price levels. Nor is i t  s u f f i ­
cient to produce a good product and merely offer i t  at a 
competitive price; often i t  is necessary for the producer 
to find a market and negotiate a satisfactory price for  
his goods and, in some cases, to develop new markets by 
demonstrating the particular virtures of his product over 
those of other suppliers, taking into account also the 
specifications required by the user of the products.
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Titanium Industry 
The titanium industry is an integral part of the heavy mineral 
sand industry because i t  is the major intermediate or enduser of HMS 
concentrates. Many companies, such as E. I .  du Pont and N. L. Indus­
t r ie s ,  display a strong degree of backward linkage through their  
integration within the HMS industry.
The highly developed free world titanium processing industry is 
concentrated in the United States, Western Europe and Japan. Figure 
2, an econometric description of the industry, has been developed 
from Howe's (1972) publication. A recent publication by Dr. W. B.
Pings (1972) outlined the main metallurgical aspects and general 
status of the industry.
There are many potential uses for titanium in markets not yet 
fu l ly  developed; however, the present and future uses outlined by 
M ille r  (1957) are shown in Figure 3. The reader is referred to pub­
lications by Williams (1965), M ille r  (1957) and Brooks (1965) for 
an interesting historical review of the titanium industry. An analysis 
of the free world's industry is appropriate to determine what the 
future demand w ill be for marketing new production.
Uni ted States Industry
Metal. The titanium metal industry began in the United States 
with the development of the Kroll process in 1948. To date, the 
United States leads the world in production and capacity. The present 
productive capacity is a result of heavy expansion to meet aerospace 
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experienced a recession which is not d irectly correctab le to general 
economic indicators, but instead was caused by m ilitary contract cut­
backs. According to Caldwell (1969) the aerospace industry consumed 
94 percent of domestic production in 1968. In 1971, Pings (p .14) 
noted that this sector consumed only 83 percent. New uses in desali­
nation plants, steel alloys, and other applications are needed before 
titanium can develop stable and constant growth. Titanium's growth 
pattern w ill  probably be similar to that of nickel, a metal which 
orig ina lly  had only m ilitary  application but now is used widely in a 
broad-based industry and has had a remarkable growth.
The federal government stockpiles titanium. Purchases made 
through the Office of Minerals and Solid Fuels act as a buffer during 
depressed market periods. As an example, during the recent downturn 
in 1972, the government offered to buy 14 million pounds from the 
three major domestic producers over the next 3 years. The offer re­
quired the supplier to buy back the stockpiled material at a future 
date when the market improved. Table 13 l is ts  domestic producers, 
who seem concentrated in the Pacific Northwest and the central heart­
land of the country. All producers are located near or on waterways 
to minimize freight costs.
Pigment. The domestic pigment industry, the most mature sector 
of the titanium industry, is currently being plagued with rising costs 
and environmental problems. Two processes are used by the main pro­
ducers. Sulfate processes are the oldest and most deleterious to the 
environment. Plants using this technique are being phased out by the '
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Table 13 - Producers of titanium sponge, ingot, mill products, and 
shaped castings.
MILL SHAPED
PLANT LOCATIONS SPONGE INGOT PROD. CASTINGSFIRMS
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Table 13 - continued
MILL
FIRMS PLANT LOCATIONS SPONGE INGOT PROD.
Wyman Gordon Co. Worcester, MA X
Zirconium Tech- Albany, OR X
nology




chloride process, which is much cleaner and e f f ic ie n t;  unfortunately, 
the costs are higher for this new process and new capacity represents 
a capital barrier that only the larger firms are able to surmount. 
Table 14 l is ts  the United States domestic producers and their capaci­
t ies . A l i s t  of pigment end-uses can be found in Figure 3.
Table 14 - United States titanium pigment producers, 
(capacity in 1000 tons per year)
PROCESS
FIRMS PLANT LOCATIONS SULFATE CHLORIDE TOTAL
American Cyanamid Savannah, GA 72 49 112
Cabot Corporation Ashtabula, OH - 27 27
E. I .  du Pont Antioch, CA - 27 27
Edgemoor, DE 55 45 100
New Johnsonville, TN - 150 150
Gulf-Western Gloucester, NJ 43 - 43
Kerr-McGee Hamilton, MS - 37 37
N. L. Industr. St. Louis, MO 108 - 108
Sayreville, NJ 124 36 160
SCM Glidden-Durkee Baltimore, MD 53 25 78
Sherwi n-Wi11iams Ashtabula, Ohio 27 27
TOTAL 455 414 869
Source: W. B. Pings, 1972, Volume 2, Page 13.
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Japanese Industry
The Japanese titanium industry is d ifferent and healthier than 
other free world sectors. Its  v i t a l i t y  is do in part to the lack of 
reliance on m ilita ry  demand and aerospace applications. With pollu­
tion more crucial than in any other country, Japanese titanium pro­
ducers have developed firm broad-based markets in pollution control 
and other nonmilitary markets. The industry enjoys government pro­
tection and exports a large percentage of annual production. The 
People's Republic of China has been purchasing Japanese production 
for quite some time and has possibly supported the industry during 
soft markets in the free world.
Metal. The Japanese sector has an annual capacity of more than 
15,000 tons per year. Annual sales are strongly affected by the ex­
port market, which during 1972 was depressed. Fortunately, the en­
t i r e  industry acts together and losses are shared; to date, no single 
producer has gone out of business. Exported titanium sponge metal 
sells at US $1.20 - $1.25 per pound and has always been lower than the 
United States domestic quoted price. The industry has pioneered re­
search in new technology; one producer has developed a revolutionary 
single-stage reduction process for titanium metal. The major Japanese 
titanium producers are Toho, Osaka, New Metals Industry, Nippon and 
Kobe Stee l.
Pigment. The Japanese pigment industry has made progress in manu­
facturing synthetic ru t i le  from ilmenite. I .  S. Kaisha claims the f i r s t  
commercial production of synthetic ru t i le  and has signed a contract
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with Titanium Metals Corporation (TAMCO), a division of N. L. Indus­
tr ie s ,  for 1000 tons. Most pigment producers display a strong back­
ward linkage to Australian HMS producers, and have worked together 
in developing beneficiated ilmenite into synthetic ru t i le .  Annual 
capacity has continually increased over the past decade and the 
chloride process is used extensively. The major Japanese pigment 
producers are I .  S. Kaiska, Sakai Chemical and Nipon Soda.
Western European Industry
The titanium industry of western European countries comprises 
the second largest sector of the free world titanium industry. Much 
of its  raw material comes from Australia and from hard-rock deposits 
in Norway and Finland. Productive capacity is controlled by a f f i l ia te s  
of N. L. Industries, British Titan Products or Laporte Industries Ltd. 
(L IL). The industry's growth has been more similar to the United 
States than Japan and suffers from over capacity in metallic production.
Metal. Titanium has remained too expensive for most European 
manufacturers; to date, its  application has been limited to aerospace 
uses. Data on metallic production capacity is not well documented. 
Europe's metal production is concentrated in England.
Pigment. The European pigment market is very large and has been 
increasing its  capacity at regular intervals in the past years. Table 
15 l is ts  pigment manufacturers. Many of these operations are tied to 
large corporations such as Laporte, British Titan, and N. L. Industries. 
The market has been expanding for ru t i le  and beneficiated ilmenite and 
is expected to grow in the near future. Heavy mineral sand concentrates
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Table 15 - Western European pigment producers.
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are imported from Australia, Malaysia, Africa and other countries.
Under very favorable conditions and contract arrangements, HMS from 
South Viet-Nam could be marketed in Europe.
In summary, the titanium industry is expected to grow at d i f ­
ferent rates in various processing countries. The United States market 
growth is expected to be 4-6 percent per year (Iammartino). The 
European and Japanese markets are growing at approximately the same 
rate.
Problems exist in pollution control, short supply of r u t i le ,  and 
reliance on government and aerospace contracts for titanium metal.
All producers should look to Japan's example of broad nonmilitary mar­
kets as an example for further growth.
Secondary Ti tanium
Since the inception of the titanium metal industry in the late  
1950's, the secondary (scrap) titanium industry has emerged as an 
entity  with a solid future. The economic reasons for this industry's 
growth have been the in i t ia l  limited production capacity of primary 
producers coupled with the high price of titanium metal.
While recycling is recognized as good business, to date limited 
research has been undertaken to reduce nonrecoverable losses. Approxi­
mately 25 percent more secondary metal would be available i f  primary 
processers would segregate their fabricating operations and scrap piles. 
I t  can be readily seen, Table 16, that though scrap was in i t i a l l y  in 
oversupply, i t  is now in short supply, and demand is expected to in ­
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because of entry into the aluminum and ferrotitanium industries.
Along with continuing demand, domestic supply can expect to decrease 
proportionately because of the following: (1) improved technology
in the primary fabrication sector, (2) increased costs in the second­
ary industry, and (3) higher prices for scrap on foreign markets.
Table 16, the results of a detailed market analysis by Gray and McLlroy 
(1971), gives some idea of growth in the primary and secondary market 
sectors.
Zircon Industry
The free world supply of zircon is primarily from Australia as 
an associated product of heavy mineral sand mining. Production f ig ­
ures are very d i f f ic u l t  to obtain; however, from Table 17, Australia's  
dominance in world production can be readily seen.
Table 17 - Free world production of zircon concentrates.
(short tons)
1968 1969 1970
Australia 332,956 411,021 403,000
Free World Total 340,857 416,808 406,590
Adapted from Mineral Yearbook, 1970.
The United States is the only other significant producer but un­
fortunately a l l  s ta tis tics  are confidential and withheld. Mr. J. Ward
(1970), an Australian commodity analyst, estimates 1970 United States 
annual capacity at 120,000 tons. Production occurs at E. I .  du Pont's 
operation in Florida and at Humphrey's mine in Folkston, Georgia.
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Industry Structure
Zircon sand is used primarily in the foundry industry and for 
end-use requires only milling and/or size grading. Zircon foundry 
sand must stay within a price range to be competitive with s i l ic a ,  
chromate and olivine sands. Other uses requiring further processing 
include metallic zirconium, sponge for nuclear reactors, refractory 
compounds and alloys. The structure of the industry is illustrated  
in Figure 4. Processing fa c i l i t ie s  are dependent on markets and not 
on sources of supply. As previously stated, the United States appears 
to be the major zircon processor, although zircon is widely used in 
foundry applications in western Europe. The major American processors, 
who exported finished products to more than 20 countries and were re­
ported in the 1970 Minerals Yearbook, are listed in Appendix G.
Market and Price
Zircon is marketed in a manner quite similar to titanium ores.
The committee formed by Australian producers, AMSES, to study proposals 
for marketing zircon has placed a minimum export price on its  products. 
At present, zircon is being stockpiled by Australia because of a weak 
market. The price of zirconium metal has held at US $5-7 for the past 
10 years. Oxides and other compounds have fluxuated in price but not 
significantly  in the same period. The free world is faced with a zircon 
surplus because of its  jo in t  production from heavy mineral sand mining. 
No shortages are expected in the near future (Kauffman).
Although zircon production is recognized as being an integral 
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operation is minor compared to ru t i le  and ilmenite. Long-range fore­
casts made by the United States Bureau of Mines conclude that supply- 
demand relationships w ill  be maintained.
A zircon forecast w il l  not be made because (1) i t  is of minor im­
portance, (2) i t  bears a jo in t  product relationship to ru t i le  or ilmenite, 
(-3) necessary data for forecasting are not readily available, and (4) 
the United States Bureau of Mines' forecast appears to be adequate.
Substitution
A method for studying the problem of substitution between commodi­
ties and sources of supply has been published by Petersen and others
(1971). Mineral sand products are influenced to varying degrees by 
different factors. F irs t , price-cost considerations influence most de­
cisions in a profit-oriented industry. Moderate changes in re la tive  
price between alternatives may not change consumption patterns unless 
technological and socio-economic factors are becoming real consider­
ations. In general, long-term price effects influence substitution 
more than short-term effects. The cost of raw materials is only the 
f i r s t  of many considerations which must be weighed. In addition to 
costs, av a ila b il i ty  is very c r i t ic a l .  Constant oversupply is healthier 
than fluxuations where markets can be lost, whereas excess capacity 
leads to research and expanded uses. Second, technological change 
occurs in a l l  areas of processing and marketing. Third, external in­
s titutional effects such as pollution laws affect the choice of de­
posits and economic decisions in the processing sectors. In addition, 
different mineral policies often affect the substitution of loca lit ies
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and can change the structure of an industry.
Overall economic factors affecting substitution and change have 
been recognized by Carmichael (1967) to be (1) comparative costs of 
the finished product; to include manufacturing, u t i l i t y  and salvage 
costs, (2) metal price trends and s ta b i l i ty ,  (3) metal av a ila b il i ty  
and trends, (4) source of supply, the number and location of fa c i l i t ie s ,  
(5) marketing and product development by industry members, (6) cultural 
trends, (7) capital investment policy and a v a ila b il i ty vand (8) ava il­
a b i l i ty  of foreign exchange, -including the savings potential of a host 
country.
The factors recognized by Carmichael and Petersen are not a ll  
applicable to the heavy minerals industry. I t  is not implied that 
substitution is deleterious to the industry. On the contrary, sub­
stitutions noted to date in the heavy mineral sand industry have been 
healthy and constructive to the supply and s ta b il i ty  of the industry.
The following factors are recognized as having influenced the HMS 
industry and are documented with examples.
Price-cost Factors
Dredge and other types of open-cast mining techniques used in the 
HMS industry allow economies of scale much higher than other types of 
mining. Mining technique, coupled with lower labor and operating costs 
in developing countries, enable beach sand deposits to be competitive 
with hard-rock deposits situated more favorably to their end-use markets. 
Substitution in the short term is hampered by process plant design.
Not a ll  pigment producers can use titanium slag from hard-rock mines.
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Tied producers such as N. L. Industries have designed their pigment 
plants around their Norwegian slag material. Table 18 l is ts  the ex ist­
ing ilmenite-hematite deposits in the free world.
Table 18 - Titaniferrous hard-rock ore deposits.
FIRMS PLANT LOCATIONS TYPE RESERVES
Quebec Iron 
and Titanium
Allard Lake, P. Q. Open-pit Extensive
N. L. Industries Storgangen, Norway Underground Extensive







Minor occurrences of ru t i le  have been exploited from hard-rock 
deposits in Roseland, V irginia, and Oaxaca State, Mexico. These de­
posits have l i t t l e  potential as alternative sources of supply for 
titanium ores. New rock deposits are being discovered yearly, but few 
have been able to compete with sand deposits for one or more or the 
reasons outlined in the previous marketing section.
Price and scarcity of ru t i le  in the past 3 to 5 years have created 
the proper atmosphere for research into beneficiating ilmenite into 
synthetic ru t i le .  The new product is expected to sell at a price in 
between that of natural r u t i le  and ilmenite and possibly in the range 
of $80-110 per ton.
Technological Factors
Technology and economics are closely interrelated to entry in any 
mineral operation. At the mining stage, suction dredges replaced
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bucket dredges in the early 1950's. Humphreys Engineering probably 
pioneered suction dredge technology at Dupont's Trail Ridge, Florida 
operation. There are highlights in processing throughout titanium's 
short history. The latest technological breakthrough in titanium 
metallurgy is the single-stage reduction of titanium sponge, which may 
revolutionize the metals industry. The latest pigment advance has been 
in chloride processing, which is replacing sulfate processing in de­
veloped areas more sensitive to water pollution. New installations  
in India and Brazil are u t i l iz in g  the older sulfate process, for i t  is 
less expensive and environmentally acceptable. All of these processes 
w ill  make titanium more competitive with other l ig h t metals and increase 
the demand for heavy mineral sand concentrates. Beneficiated ilmenite 
w ill  eventually cause a s h if t  in sources of supply, a reduction in unit 
cost of titanium ores, and possibly a change in marketing techniques 
and trend useages.
Institutional Effects
This factor w ill  probably account for the more significant changes 
in the heavy mineral sand industry. Environmental concern and national 
legislation in the United States and Australia have withdrawn reserves 
which w ill  eventually displace the industry to new sources in other 
countries. Petersen (1960) noted that the United States has substantial 
reserves of ilmenite; however, a state-by-state analysis and evaluation 
would reduce the total reserves economically exploitable at current 
prices and technology.
Developing countries, seeking to improve their foreign exchange,
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w ill  continue to draft legislation welcoming foreign investors to 
their mineral deposits. Malaysia is currently evaluating by-product 
ilmenite reserves with two German firms, with the expectation of de­
veloping a pigment plant in the near future. Other countries, seek­
ing to develop state-controlled industries, are evaluating or building 
new fa c i l i t ie s  in B razil, South Korea, India and Ceylon. These nation­
al developers have apparently overcome the barriers of entry by either 
retaining expert technical management or completing long-term sales 
contracts prior to developing- their deposits. Viet-Nam should be able 
to follow the example of other Asian countries a fter  exploration has 
been completed.
Barriers to Entry
At this time, i t  is possible to recognize some very real barriers 
to entry. Mikesell (1971, p .26) noted 4 general factors necessary for  
a successful minerals development. These factors could be considered 
barriers to anyone trying to enter a new industry. F irs t ,  a suffic ient  
amount of capital is needed to cover a ll  expenses until such time as 
cash flow can sustain the operation. Second, technical expertise is 
required in a l l  parts of the operation. Third, managerial a b i l i ty  is 
recognized as being one of the most c r it ic a l factors of any mineral 
exploitation. Fourth, marketing knowledge and inter-industry contracts 
with customers are mandatory.
Marketing, as previously noted, is the most c r i t ic a l  barrier for 
a new entree into the mineral sands industry. Managerial and technical 
a b i l i ty  are barriers which are sometimes inseparable and go hand-in-hand
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with marketing. A private party with a potential deposit should 
strongly consider a jo in t  venture with one of the recognized members 
of the industry, because the industry is t ightly  controlled by a few 
highly integrated corporations, who through various marketing tech­
niques have a rigid control on world demand.
Capital requirements are not considered a very large barrier. 
Mining and milling of concentrates require a low amount of capital. 
Further stages of processing and finishing require increasing amounts 
of capita l. Requirements at various stages are given in Table 19.
A country or individual with economic reserves must consider the f o l ­
lowing factors when deciding how to develop their deposits. F irs t ,  
processing fa c i l i t ie s  have been located close to markets and not at 
the mine. Mine fa c i l i t ie s  should be developed enough to ensure a 
quality concentrate acceptable to the intermediate processing customer. 
Second, a new trend is occurring in the developing countries. State- 
owned corporations with varying degrees of expertise and capital are 
planning their own integrated operations. Ceylon, through its  state- 
owned Ceylon Mineral Sands Corporation (CMSC) is expanding capacity 
at its  existing fa c i l i t ie s  with a $4.15 million loan and technical as­
sistance from the Asian Development Bank. Firm sales are expected with 
Japan and possibly w ill  expand to Europe. India's Mineral and Metal 
Trading Corporation (MMTC) is redeveloping its  beach sand deposits and 
w ill  export ilmenite to Japan and Western Europe. Prior to WWII, India 
supplied more than 50 percent of the free world's ilmenite production. 
Until recently, annual production had not been resumed, but with new
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Table 19 - Capital requirements in 
titanium industries.
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markets and extensive ilmenite reserves, India's future looks secure. 
This increase is part of a large plan whereby India w ill  develop an 




Correct decisions evolve from knowledge of future events. Fore­
casting future business, and market conditions has become a working 
tool for new management. Potential profit increases and operational 
effectiveness are only two of many rewards possible from employing 
proper forecasting techniques.
S tatis tica l objectiv ity  plays a large part in forecasting; how­
ever, one must recognize that nonstatistical, i . e . ,  subjective, obser­
vations are necessary in order to understand the deviation or dis­
crepancy between the forecast and fact. Blackett (1971) and possibly 
others have recognized that many historical trends are nonquantifiable. 
Business and government must surely recognize that the minerals in­
dustry is p a rt ia l ly  unpredictable and to a degree capricious. Non­
s ta t is t ica l factors responsible for the mineral industry's character 
are mineral demand strongly related to population, industria lization , 
per-capita wealth, time delays, po lit ica l intervention and managerial 
in s ta b il i t ie s .
The forecasts made here u t i l iz e  multiple regression analysis and 
least-square-fit projections employing established programs within the 
Colorado School of Mines computer lib rary . I t  is expected that the 
forecasts w ill  serve to indicate future market trends upon which the 
earlies t planning--exploration and finance--can be soundly based. The 
author recognizes the error in using final consumption s tatis tics  from
108
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government sources which in rea lity  represent producer shipments and 
most often include inventory changes; results are as good as the con­
fidence placed on available data. Forecast projections w il l  be made 
up to 1980.
Consumption Forecasting 
The future demand for heavy mineral sand products is d irectly  
related to expected consumption. There are many forecasting techniques; 
a ll  vary in complexity, and no single technique is entirely correct.
A re liab le  forecast w il l  incorporate more than two techniques, with 
each individual technique checking the va lid ity  of the others. Regard­
less of what techniques are used, guessing cannot be eliminated; there­
fore, the subjectivity of the forecaster is s ignificant. I t  is an un­
fortunate re a lity  that the U.S.B.M. is the only complete published 
source of s ta tis tica l data. The Bureau of Mines seldom reports com­
plete world s ta t is t ic s , so i t  becomes necessary to analyze the United 
States domestic scene and project these figures to the free world, a 
somewhat questionable technique unless clear contingencies are noted.
Total demand can be approximated by any number of the following techniques.
Forecasting Techniques
Time Series Analysis and Projection. This is a very common tech­
nique although many forecasters believe i t  is a naive approach. The 
main advantage of this method is its  ob jectiv ity , but i t  assumes a 
somewhat s tatic  market and technology. Historical demand figures for 
the raw material are f i t te d  to a curve and projected to future years.
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Correlation Analysis. This technique bases a forecast on the 
relationship of heavy mineral sand demand (independent variable) to 
one or more economic or industrial factors (dependent variable) ex­
pressed in terms of a regression equation. A data period of time 
greater than 10 years is required to acquire r e l ia b i l i t y  in the cor­
relation. An analysis of industrial production and country economic 
parameters is required to determine which dependent variables have a 
high degree of correlation to the independent variable.
End Use Analysis. Total demand is broken down into individual 
markets or customers. This is a valuable technique which allows the 
forecaster insight into cause-and-effect relationships within his in­
dustry. Often this analysis w ill  recognize new product demand which 
w ill  a ffect the overall forecast. Total raw material demand is deter­
mined by aggregating the demand for each component.
Sector Analysis. A forecast of the overall economy is often 
attempted by analyzing the main sectors. I t  permits subjective judg­
ments often not allowed in other more objective techniques. An analysis 
of the United States steel industry as a variable sector of the total 
economy is not very correctab le to gross national product because the 
domestic steel industry has suffered from increased imports. This is 
one example of p i t fa l ls  which could erroneously affect a forecast.
Surveys and Opinion Polls. This is perhaps the most commonly 
industrial technique, but i t  probably has had l i t t l e  acceptance in the 
mining industry. I t  may well be a favorable low-cost technique for 
oligapolis tic  sectors of the mineral industry in order to obtain a
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'fee ling ' for a particular mineral outlook. The public investigator 
can conduct his own survey from trade journals and learn of new pro­
duction and increased capacities at existing deposits. This technique 
is used to acquire current knowledge about the heavy mineral sand 
industry.
Mathematical Models and Econometric Analysis. This is a very 
thorough and complex technique. While beyond the range of the student 
analyst, this technique has been u til ized  by Consolidated Gold-Fields 
Ltd. (CGF) and a model of the entire heavy mineral sand industry has 
been constructed. Mr. G. Howe (1972) of CGF reported on a model re­
cently; he noted that i t  required 17 man-months to build the model.
Of a l l  the six techniques discussed, the time-series analysis is 
probably the easiest but the least re liab le . The obvious reason being 
that no demand should continue to grow at a rate similar to the past. 
Every newly marketed mineral has its  differences in annual growth rate 
and duration before demand levels o f f .  A new mineral, such as titanium, 
is often consumed at unusual rates and quantities during particular  
stages of a consuming country's development. I t  could be assumed, 
therefore, that developed countries have reached a steady-state demand 
whereas developing countries can be expected to have a varying and 
differen t demand.
Likewise, mineral supply cannot continue indefin ite ly  or uniformly. 
Many socio-economic factors affect supply in addition to the obvious 
fact that no mineral deposit is inexhaustable.
The U.S.B.M. forecast for titanium, which is the main product of
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the heavy mineral sand industry, is based on a time series analysis 
of three end use categories coupled to expected growth of several eco­
nomic indications. Contingency assumptions re fle c t the subjectivity of 
the Bureau of Mines forecasters. As with a l l  published information, 
the Bureau's report is generally based on historical data and is not 
really  current. Social and economic changes play an important part in 
forecasting; the current deceleration in population and GNP necessitate 
re-evaluating the titanium industry.
The forecast technique employed in this report w ill  be similar to 
that used by the U.S.B.M., but w ill  attempt to expand recognized end- 
use sectors and u t i l iz e  highly correctab le economic parameters. 
Titanium demand is defined by the U.S.B.M. as titanium content of total 
demand less the quantity recovered from secondary metal sources. The 
secondary titanium market has been extensively investigated by Gray 
and McLlroy (1971).
Total demand is composed of nonmetal and metal consumption. I t  
appears that nonmetal l ie  end uses are the pigment industry, which is 
used as a "sink" by the Bureau of Mines in order not to disclose con­
fid en tia l corporate data, the welding rod industry and the alloy and 
carbide industries.
Recent trends in titanium use for pigments are shown in Table 20.
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Table 20 - Titanium consumption and titanium dioxide used by the 
pigment industry in the United States, 1965-1971. 
(short tons)
YEAR TOTAL CONSUMPTION PIGMENT CONSUMPTION PIGMENT
(percent)
1965 701,502 676,871 96.5
1966 731,253 705,058 96.4
1967 720,339 666,479 92.3
1968 764,541 718,149 94.0
1969 818,005 763,196 93.3
1970 789,552 742,849 94.1
1971 807,126 769,486 95.4
Statistics on production, marketing and consumpti-on of titanium 
dioxide are limited and misleading; however, since more than 95 percent 
of a l l  titanium consumed is reportedly for making pigments, data on 
end-use distribution of this product provide some indications of the 
end-use spectrum. Approximately 90 percent of the titanium pigment con­
sumption in the United States for the past 5 years has been in the paint, 
paper, rubber, plastic and floor covering industries. Additional con­
sumption, such as welding rod coatings, is hidden within the pigment 
s ta tis tics .
I t  would appear that studying the pigment industry and determining 
i ts  correlation to various economic indicators would be suffic ient to 
forecast the entire industry. This approach has resulted in a high cor­
relation between total consumption and personal consumption expenditures, 
gross national product (GNP) and new construction starts. *
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United States Forecast
Domestic forecasting w ill  be analyzed separately from the remain­
ing world countries because s tatis tics  are readily available and the 
United States industry is a major sector of the total world industry. 
Total annual domestic demand was calculated by totaling ilmenite and 
ru t i le  s ta tis tica l data and excluding slag because i t  is not a product 
of the HMS industry. A Colorado School of Mines computer l ib rary  pro­
gram was used at various stages of the analysis. F irs t , a multiple 
regression program was used to determine the correlation between HMS 
concentrate demand and various economic indicators. Combined titanium 
content of both ru t i le  and ilmenite was established as the dependent 
variable. The independent economic variables considered were gross 
national product (GNP) in b illions of current dollars, total personal 
consumption (PRS. CONS.) expenditures in b illions of current dollars, 
and total new construction in millions of current dollars. The in i t ia l  
time period investigated was 1950 to 1971. Once this regression had 
been established, the 1950-1971 period was shortened by 5-year intervals, 
and run through the program again. This procedure was used in order 
to establish a time period which was short enough to be manageable but 
long enough to be technically re liab le . The last time period, 1967- 
1971, was a departure from the original 5-year shortening. Table 21 
displays the percent correlation between the variables for various time 
periods.
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Table 21 - Multiple regression of United States titanium demand for 
heavy mineral sand concentrates vs. economic indicators.
ECONOMIC VARIABLES CORRELATION COEFFICIENTS (PERCENT)
1950-71 1955-71 1960-71 1967-71
Gross National Product 96.4 96.0 95.3 81.1
b i l l io n  dollars
Personal Consumption 96.2 95.5 94.6 79.8
Expenditures
b i l l io n  dollars
New Construction Expenditures 96.3 94.7 93.1 78.1
million dollars
Multiple Correlation 96.4 96.9 96.3 81.1
Coefficient
The equations resulting from this iteration are shown in Table 
22. I t  can be seen that the results are d ifferent for each time period. 
The two time spans starting in the 1950's have coefficients of multiple 
determination above 90 percent. The 1960-1971 period is as good as the 
earlie r  periods and w ill  be used for a historical base. The multiple 
correlation coeffic ient of GNP is consistently the most correlatable 
economic variable to HMS demand. The output from the various ite ra ­
tions also showed an unexpected and undesirable multicolinearity between 
the independent variables; and this is displayed in Table 23.
Although an undesirable e ffec t, the selection of GNP to the ex­
clusion of personal consumption was made because the multicolinearity  
showed that l i t t l e  variation was explained by personal consumption 
during 1960-1971.
Second, a least-squares-fit program was u til ized  to make forecast 
projections as a basis for building demand from the assumptions made.
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Table 22 - United States heavy mineral sand demand functions 
(short tons)
Demand = 233841.9 + 499.4 (GNP)
1950-71
R2 = 0.9285 STD. ERROR = 32148.8
Demand = 316662.7 + 2205.9 (GNP) - 2879.4 (PRS. CONS.) 
1955-71
R2 = 0.9385 STD. ERROR = 25172.6
Demand = 321250.3 + 1925.6 (GNP) - 2442.3 (PRS. CONS.) 
1960-71
R = 0.9283 STD. ERROR = 24499.1
Demand = 418378.3 + 287.8 (GNP)
1967-71
R2 = 0.6574 STD. ERROR = 23410.2
Table 23 - Multicol inearity between economic variables during 
1960-1971.
GROSS NATIONAL NEW PERSONAL
PRODUCT CONSTRUCTION CONSUMPTION
Gross National Product X 99.1 99.9
New Construction 99.1 X 99.3
Personal Consumption 99.9 99.3 X
Demand. A future domestic demand base is shown on Figure 5. The 
forecast base is derived by projecting the least-squares-fit line be­
tween GNP and HMS demand for the period 1960-1971. Assumptions based 
on end-sector uses and expected economic growth were used to predict a 
forecast range. The assumptions made were GNP would rise at an annual 
rate of 5 percent, end use--consumption per person rose 2.5 percent per 





























































reduced prices, caused by new technology, w ill  allow titanium metal 
into new markets as a substitute for other minerals. ARMCO Steel 
Corporation has announced the development of a new titanium steel 
with wide application. In addition, they have recently acquired the 
Sierra Leone ru t i le  deposit which should lead to the speculation 
that titanium - going to be a growth metal in the next decade.
Supply. e only new domestic production expected in the near 
future is from ASARCO in New Jersey. Reserves at a ll  domestic prop­
erties are extensive, but no increased capacity is forecast. The 
decline in total mine output is expected to continue, and at best 
level o ff  at approximately 1000 tons per year.
New mining technology appears to be the only salvation for do­
mestic producers. One possib ility , recently announced by Marconaflo 
(Lutjen, 1973), would permit in -s itu  exploitation of unconsolidated 
deposits with less surface disturbance than from currently u til ized  
techniques.
World Forecast
The free world demand for heavy mineral sand products in the next 
10 years is a d i f f ic u l t  forecast, even with contingencies. The main 
assumption made here is that past growth can be safely used as a base 
.upon which to build. Additional assumptions w ill  be that past world 
consumption has been approximately equal to world production minus 
United States domestic production. This assumption should be correct 
since an insignificant percentage of total world production is either 
stockpiled or in transit during the end of any fiscal period. I t  is
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true that in 1971 the U.S.B.M. reported 680,033 short tons of titanium 
dioxide stockpiled in the United States; however, close inspection 
would lead one to believe that these figures are misleading. Further­
more, in accounting for the entire industry, stockpiles at the beginning 
of the period should be proportional to those at the end of the fore­
cast period and would therefore not a lte r  the forecast. Recent press 
releases seem to indicate that stockpiling w ill  become increasingly 
important in the future for various industrialized nations and could 
create additional demand which is unquantifiable at this time.
Statistical data on world GNP and population growth rates are 
available from the World Bank for the period 1960-1969. The following 
are recognized as international disparities which are unresolvable when 
using this type of published information.
(1) All monetary units are in United States dollars and in face do
not re flec t the true purchasing power of the local currency.
(2) Countries have d ifferen t social standards.
(3) Differences exist in income distribution and growth rates.
To adjust world figures into a usable form, the Atlas has derived 
average annual growth rates as compounded rates between 1960 and the 
terminal period, 1969. In addition, per capita GNP is reported as a 
factor cost and not at market prices. The World Bank i t s e l f  offered 
a word of caution when using the data within its  Atlas, but does agree 
that the figures are a close approximation of the pace of economic 
development. I f  GNP and titanium demand are as correctab le  for the 
free world as for the United States, then i t  would appear that this
T 1548 120
information could be used to forecast world demand.













Afri ca 348,307 270 2.5 2.8
Asia 1,017,023 495 3.2 3.7
Europe 367,896 1397 1.0 3.4
Oceania and Indonesia 136,084 834 2.8 2.6
South America 186,517 496 2.9 2.3
North and Central 
America (excluding 
United States)
102,386 825 2.6 2.6
Total 2,158,307 720 2.5 2.8
Adapted from World Bank Atlas, 1971,
Demand. The free world demand for titanium concentrates minus
slag was compiled for the period 1960-1971. No consistant economic 
variables were found which could serve as independent variables in a 
multiple regression. The forecast technique used the least-squares- 
f i t  program and projected a time-series analysis out to 1980. This 
projection serves as a base upon which assumptions and contingencies 
can be b u ilt .  I t  has already been stated that this is weak hypothesis, 
but i t  is the only course available. End use and sector demands in 
the free world are similar to the United States, but there are two 
fa i r ly  significant exceptions. F irs t ,  Japan's titanium metal industry, 
as previously noted, is not d irectly  dependent on aerospace and
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m ilita ry  contracts. However, i t  is very dependent on export markets 
and the United States. Aerospace is a major part of the United States 
industry, so Japan is indirectly tied to this insecure market. The 
recent SST supersonic transport dispute in the United States found 
Japan well overcapacitated in metal fabrication and sponge production. 
I t  may be remembered that Mitsubishi Mining Company tried to buy the 
Boeing A ircraft Corporation's plans for the i l l - fa te d  SST. Second, 
reported pigment production capacity is growing in Europe at a rate 
faster than in the United States. Automobile production is a good 
indicator of expected growth in the pigment industry, and automobile 
production has been expanding at a rate unmatched in Europe's postwar 
history.
These and other contingencies are the basis for projecting a pos­
sible high demand in 1980 of about 2 million short tons. Total demand 
has been forecast because of the uncertainty of benilite  replacing 
ru t i le .  A low forecast of 1.6 million tons can be expected i f  growth 
in the world does not begin to accelerate in the next decade. The re­
sults of the forecast, with projections, are to be found in Figure 6 . 
In the next 10 years stockpiling by industrialized governments may in­
crease.
Supply. The supply of mineral sand has been discussed by Brooks 
(p .45) but l i t t l e  is added to the immediate dynamics of the industry 
and the impact of ben ilite  substitution on the ru t i le  industry. The 
supply of concentrates w ill  be met during the forecast period, but one 
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w ill  greatly influence the source of supply.
Price Forecasting
The inevitable outcome of new technology in the heavy mineral 
sand-titanium industry w ill  be a change in price of the major raw 
materials. Economic forecasting of future ilmenite, beneficiated 
ilmenite, and ru t i le  prices is complicated by import surcharges, quotas 
and exchange rates. The marketing of heavy mineral sand products, 
as previously investigated, is a complex arrangement encompassing long 
term sales contracts, tied production and spot sales; therefore, anal­
ysis can only be approximate and can only serve a new potential supplier 
who has not negotiated with one of the major consumers. The following 
analysis is based on economic theories and information collected from 
l i te ra tu re  search.
R utile . The United States price for ru t i le  (96 percent titanium 
dioxide) was re la tive ly  stable at $120-125 per long ton prior to 1969. 
The domestic price rose 50 percent above its  mid-1969 price to an a l l -  
time high in 1971 of $185 per long ton. Figure 7 i l lus tra tes  the price 
of ru t i le  since 1969. Upward price e las tic ity  was caused by a consumer 
demand preference over other materials, coupled with an industry-wide 
concern for Australia's reserves. The price dropped $10 per long ton 
to $175 in early 1972 and w ill probably remain at that stable level 
until beneficiated ilmenite acquires more of ru t i le 's  historical 
markets. From a ll  that can be learned about beneficiated ilmenite, 
commonly called benilite  in many trade circ les, i t  appears to be an 



























FIGURE 7 - H is to r ic  p ric e  range fo r  t ita n iu m
a t A t la n t ic  ports




The supply-demand curve for ru t i le  can be approximated in Figure 
8 . The demand curve is somewhat f la t ;  reflecting the fact that well- 
stocked consumers cannot react favorably to a reduced price in ru t i le .  
The supply curve is somewhat steep and represents the quantity of 
United States imports in late 1969 at $125 per ton and the quantity 
imported in 1971. As can be expected, there is a serious problem of 
identification because long term deliveries on a prior negotiated price 
w ill  create erroneous s ta tis tics .
The heavy mineral sand industry is an oligopolistic industry with 
a somewhat homogeneous product similar to other mineral industries.
Some members of the industry, who are more mature than others, use 
nonprice competition such as special product marketing techniques.
There also appears to be a fa i r  amount of collusion in the free world 
Australian-controlled industry. The recently created Australian ex­
port protective group can soon expect to lose some markets when other 
potential producers in Ceylon, India, South America and Southeast Asia 
begin to undercut Australia's minimum export price. These and other 
characteristics of an oligopolistic industry make i t  d i f f ic u l t  to 
analyze the heavy mineral sand industry with theoretical economics. 
However, the overall effect of benilite  on the price of ru t i le  w il l  be 
in the short term, that natural ru t i le  price w ill  remain stable at 
US $150.00-175.00 per ton, since foreign producers w ill  stockpile until 
benilite  processes become commercial and capture ru t i le  markets. In 
the long term ru t i le  prices w ill  erode and f in a l ly  s tab il ize  at a level 
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FIGURE 8- Supply-Demand relationship of titanium ores* 
historical and long term forecast.
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re flec t the effect of ta r i f f s ,  e .g . ,  tax effect (as shown on Figure 
9 ) , and w ill  reduce the quantity purchased by consumers. Titanium 
reserves w ill  be extended thereby guaranteeing a supply for consumers 
technologically tied to natural ru t i le .  The long-term price for  
ru t i le  w ill  be affected by the marketing price of ben ilite . The 
eventual relationship can be approximated from Figure 9 and ru t i le  
w ill  s t i l l  cost more than a ll  other titanium ores.
Ilmenite. The future price of ilmenite (54 percent titanium
dioxide) should not be considered as fle x ib le  as ru t i le .  The mineral 
is common and economically exploitable in many regions of the world 
close to end-use markets. The supply-demand curve, Figure 8 , is 
different than that for ru t i le .  Quantity figures are adapted from the 
Minerals Yearbook, and prices are those published in the Engineering 
and Mining Journal (1971 ). The long range price trend of ilmenite 
has been remarkably stable. The decline in price during 1969-1971 
while ru t i le  was rising reflects an unusual situation. Rutile is a 
substitute for ilmenite, but ilmenite is not a substitute for ru t i le .  
Domestic stocks have also been fa l l in g  since 1968 and re flec t a con­
sumer desire either to be prepared to buy ilmenite at a lower price 
in the near future or to purchase stocks of the newly developed bene­
fic ia ted  ilmenite. The long-range price forecast for ilmenite is on 
Figure 9, where i t  can be seen that ilmenite's price might increase
to $30-40 per ton.
Beneficiated Ilmenite. This newly heralded product is not yet 
available to the entire industry. However, small sales have been made
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by Australian and Japanese producers to potential consumers for test 
purposes. There are many d ifferent processes, but only those which 
are environmentally compatible have a chance of becoming accepted in 
the developed countries or in other countries with s t r ic t  pollution 
laws. Future production is expected from India, where the state-owned 
mining company has the Cabot process under license, and from Japan, 
where Mitsubishi Mining has announced the development of its  re la tive ly  
pollution-free process. Australia can be expected to put at least one 
plant into production in the near future. The benilite  process w ill  
probably be used only by the larger processors for the capital require­
ment is high. Western Titanium Ltd., a subsidiary of A.M.C. Ltd ., is 
building a commercial plant with an annual capacity of 100,000 tons 
per year, which is expected to cost A $14-16 m illion.
The ben ilite  process developed by Western Titanium Ltd. requires 
2 tons of ilmenite and 1 ton of coal, which, when processed, yields 
1 ton of ben ilite . At current prices, the materials cost approximately 
A $35 and would yie ld  a product which is expected to sell at approxi­
mately A $100 per ton. The forecast price for ben ilite  and natural 
mineral sand products is shown in Figure 9.
The long range effect of ben ilite  is highly subjective, but this 
new process could very defin ite ly  a lte r  the structure of the entire  
industry in the long term. Developing countries with the proper re­
sources and the willingness to induce new industry without taxing them 
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Forecasting, a very useful resource-planning technique, should 
precede exploration. A forecast conducted by someone outside a con­
fidentia l industry must rely heavily on government statis tics  and press 
releases. However, the demand forecast, Table 25, should encourage 
either the private investor or national planner to further investigate 
any potential mineral sand resources within their control. The fore­
cast deliberately investigated the total titanium demand for 1980 be­
cause of the uncertainty about new enduses, substitution and the com­
mercial development of beneficiated ilmenite.
Summary
The mineral sand industry is oligopolistic and displays a high 
degree of vertical integration. Mineral concentrates supply the 
titanium and zircon industries, but zircon is minor, and the major 
end-use demand is for titanium pigment. There are moderate barriers 
to entry which are surmountable by entering into a jo in t  venture with 
an established industry member. Environmental legislation and tech­
nological changes in the United States, Japan and Western Europe may 
have opened the door to developing countries who are eager to accept 
new industrial development.
Although there has been a recent oversupply of r u t i le ,  ilmenite, 
leucoxene, and zircon, the medium and long term outlook for mineral 
sand exploitation is promising. The success of any new operation w ill  
depend on extensive market research. The Republic of South Viet-Nam 
should evaluate those markets in the Pacific Basin countries. European 


























































































































Southeast Asia; therefore, unless unusual conditions exist, potential 
producers should concentrate on the markets in Japan and the United 
States.
Since favorable market conditions exist, the next step should be 
the development of an exploration system. Although sand deposits 
occur frequently throughout the world, many parameters need to be in­
vestigated before a potential deposit can be considered evaluated.
In the next chapter, the east coast of Viet-Nam w ill  be studied 
in order to determine where exploration has the highest probability  
of profitable success.
T 1548
A SYSTEMS APPROACH TO HEAVY MINERAL SAND EXPLORATION
The specific purpose of this chapter is to (1) investigate the 
broad geology and s im ila rit ies  of heavy mineral deposits, ( 2 ) review 
the lite ra tu re  concerning operations research in exploration, and
(3) propose a systems approach to heavy mineral sand exploration along 
the cost of South Viet-Nam.
In recent years, many papers have been written about exploration 
strategies (Mackenzie, 1972) and various models have been b u ilt .  I t  
has been recognized by G riff iths  (1964) and others (E ll is  and Black- 
w ell, 1959) that this is a very real part of operations research. The 
incentive to develop confidence lim its on exploration sampling is need­
ed to increase operating efficiencies. Wolfe (1962) noted that the 
use of exploration s ta t is t ica l techniques would greatly reduce the 
cost of detecting a commercial clay deposit for his company. The simi­
la r i t ie s  between clay and heavy mineral sand deposits should permit 
heavy mineral sand explorationists the opportunity to use Wolfe's pro­
posed s ta t is t ica l techniques. I t  appears that l i t t l e  has been done 
to apply appropriate techniques of operations reserach to the explora­
tion of heavy mineral sand deposits. Although deposits are reported 
to occur extensively in many countries of the world, common occurrence 
should not exclude the rational analysis of information in order to 
optimize the search e ffo r t .  In fa c t,  common sand and gravel deposits 
are being s ta t is t ic a l ly  analyzed in-depth where regional supply-demand
133
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conditions are becoming c r i t ic a l .
I t  has been shown, in Appendix F, that most of the world's heavy 
mineral sand deposits occur in developing countries. The peculiar 
problems of lack of capita l, technical expertness and managerial ex­
perience found in these countries preclude the need for optimal de­
tection and evaluation strategies. Furthermore, those countries with 
resources who wish to invite  foreign investors and not exploit their  
own deposits, need a yardstick by which to evaluate the exploration 
performance of their foreign developers.
Geological Description
Heavy mineral sand deposits are unique in that they occur in many 
places around the world and, unlike other mineral deposits, are often 
unresponsive to many exploration techniques. Geophysical detection 
is often impossible because the radioactive and magnetic fractions are 
either buried beyond the depth of detection or not concentrated high 
enough to be detected. These two deleterious effects do not preclude 
the existence of economic deposits in many areas. H is torica lly , de­
posits have been found at the surface by visual search and la te r  proven 
by extensive d r i l l in g .  Deposits found in such an unsophisticated manner 
currently supply most of the world's demand for r u t i le ,  zircon, 
monzanite, ilmenite and leucoxene.
Deposits are currently being exploited in very similar environ­
ments in the coastal regions of the world. Heavy mineral sand exploita­
tion occurs in present-day beaches and older paleo-type deposits inland 
from the present coast. Paleo deposits are found in or beneath lagoons,
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barrier beaches and sand dune complexes and are buried in old terraces. 
The variety of occurrences requires imaginative mining processes, which 
have improved greatly in the past 20 years. The actual ore zone is 
often wedgeshaped, but grade and continuity are dependent on the forces 
of concentration within the deposital environment.
Heavy mineral sand deposits in New Jersey are quite unlike Trail 
Ridge, Florida. These deposits are river-flood-plain-type deposits 
which have not been concentrated as much as the Trail Ridge deposit.
Mr. John Lord, placer mining .engineer for ASARCO, explained the para­
meters of their New Jersey deposit during a recent conversation. The 
ore body is extensive in area, and a high variation exists between 
samples over a short distance, as most of the ore body is composed of 
discontinuous lenses of heavy mineral material. Mr. Lord believes 
that the proper evaluation of this type of deposit requires more d r i l l ­
ing than in the Trail Ridge area. I t  is possible, however, to approxi­
mate grade and tonnage at the reconnaissance stage while using a very 
wide d r i l l in g  grid.
0rebody Genesis
G ill  son (1949) noted that a l l  commercial heavy mineral sand de­
posits occurred in an environment with many complex s im ila r it ies . In 
general, he recognized the following common factors amongst a l l  de­
posits: (1) a source area of crystalline rocks, (2) a period of pene-
planation during which deep soil zones formed and the s i l ic a  and iron 
content were reduced; in places, la te r i t ic  soils are formed, (3) u p l i f t  
and erosion of the soil followed by rapid transport to the sea:
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commercial deposits are not found in low energy transport environ­
ments, high mountains near the sea, caused by faulting are found in 
Brazil, Sierra Leone and India, (4) deposition in a coastal plain 
contemporaneous with up lift in g , subsequent up lift ing causes a further 
concentration of heavy minerals by wave action; this stage is recog­
nized in the Australian and American continents, (5) coastal subsid­
ence followed by shore straightening creating long-shore bars from 
headland to headland; ocean currents winnow out the ligh t minerals 
leaving a heavy mineral concentrate on the long-shore bars, (6) coastal 
elevation permits waves and/or winds to further concentrate the p art ia lly  
concentrated placers; heavy minerals stay approximately in place and 
l ig h t minerals are washed out to sea. These 6 major geologic processes 
have been rocognized in a l l  deposits, but they have not a ll  occurred 
in the same sequence or at the same intensity. Figure 10 depicts the 
major coastal factors in the development of heavy mineral sand placer 
deposits.
In addition to being frequently oriented parallel to the coast 
l in e , heavy mineral sand deposits have a tendency to vary in grade in 
two directions. Analysis of published data (Spencer, 1948) on the 
Trail Ridge, Florida, deposit showed the titanium dioxide content in­
creased with depth and away from the coastal zone of concentration.
This relationship has also been observed in Australia (Gardner, 1955). 
This information should be considered during a s ta tis tica l analysis 































































Parameters must be established to determine what constitutes 
an economic target. At one extreme is the Trail Ridge deposit, which 
is approximately 19 miles long, 1.5 miles wide, and 50 feet thick.
Other deposits in Africa, India and South America are probably as 
large but are not as well documented. Appendix H l is ts  28 Australian 
deposits, documented by Gardner (1955), which collectively average 
3600 yards long, 100 yards wide and 1.8 yards thick. Though a ll  the 
Australian deposits are not economic, i t  is probably safe to assume 
for our s ta tis tica l exercise that the average size of the 28 deposits 
reported by Gardner represent the minimum target size to look for.
Size parameters can be improved before in it ia t in g  a fu l l  scale explora­
tion program. Other parameters which are c r it ic a l marketing factors 
have been explained and must be quantified during the exploration pro­




Of a l l  the predrilling exploration techniques available, few are 
useful in the exploration of heavy mineral sand deposits. The success­
ful outcome of a heavy mineral sand exploration program w ill  depend on
(1) the proper selection of an investigative procedure suited toward 
beach sand discoveries and (2) the maximum u t i l iz a t io n  of data collected.
The f i r s t  criterion is satisfied by building a geological model 
encompassing a l l  s im ilarit ies  noted by Gill son (1949). Regional studies
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conducted in this manner for other minerals have been reported by 
Harris (1969) and DeGeoffrey (1970). Albeit this w ill  encompass 
many variables and is best handled by a computer, but a good approxi­
mation can be made at the regional level of exploration by u t i l iz in g  
a factor analysis technique reported by Klovan (1968). Klovan's 
technique delineates potential ore targets by noting fundamental 
s im ila r it ies . In our study, G ill son's common s im ila r it ies , e .g .,  
Klovan's factors, w ill  be quantified and simply used to determine 
the most favorable areas along South Viet-Nam's coast line.
The second crite rion , maximum u t i l iz a t io n ,  can be realized by 
applying various techniques of decision theory and geostatistics.
A l ite ra tu re  search of operations research applicable to exploration 
has been conducted, and most of the more popular artic les have been 
reviewed. In this manner, as exploration strategy for delineating 
exploitable heavy mineral sand deposits can be formulated. To the 
manager of a specific commodity program, such as heavy mineral sand 
exploration, few artic les can assist him in overall concept except 
in a general way.
Most investigators of geostatistics, who have published since 
1957, reference A11 a is ' (1957) authorative paper. The more recent 
papers of merit a l l  recognize two facts. F irs t ,  re a lis t ic  planning 
must be related to the expected value of the deposit to be discovered. 
Value estimates must come from corporate data or industry wide pub­
lications and are generally very d i f f ic u l t  to obtain. Second, the cost 
of exploration is an unknown as the f i r s t  estimate.
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G riff iths  and Drew (1964) recognized that exploration could be 
approached from many d ifferent directions. They concluded that a 
greater success ratio could be realized using technology, that a ran­
dom d r i l l in g  pattern could be successful and that a systematic approach 
is needed to to ta lly  evaluate an area with regard to its  overall min­
eral potential.
Search e ffo rt at the reconnaissance stage should be conducted in 
such a way as to achieve a certain probability of detection with a 
minimum cost. High detection probabilities can be achieved by choos­
ing a d r i l l  hole pattern which maximizes the probability of at least 
one d r i l l  hole h itting the target.
Celasun (1964) attempted to extend the work done by Slichter (1955) 
and E ll is  and Blackwell (1959) by accounting for the probabilistic  
nature of exploration, being able to revise estimates as d r i l l in g  pro­
ceeded within the constraints of an exploration budget. Celasun recog­
nized the d istinct nature of reconnaissance d r i l l in g  which required the 
choosing of equipment and methods and the geometry of hole patterns.
In short, Celasun was interested in determining the amount and d is t r i ­
bution of d r i l l  ac tiv ity  in the search area.
Since heavy mineral sand deposits are oriented along a coast, 
d r i l l in g  efficiency can be significantly increased by orienting the 
general rectangular d r i l l in g  pattern in the direction of the longer 
axis of the target. When access to the proposed d r i l l  s ite  and other 
conditions are satisfied , patterns can be constructed with 100 percent 
Discovery Hole Economy (DHE). Slichter (1955) defined DHE as the ratio
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between the number of holes d r il le d . For example, i f  10 holes were 
dril le d  and 7 h it  targets, the DHE would be 7/10 or 70 percent. 
Slichter also noted DHE decreases as the probability of detection 
becomes greater than 0.80 for long thin deposits such as mineral 
sands, as i t  is necessary to increase the number of holes, i . e . ,  
lower the DHE, in order to maintain a high detection probability.
One of the most useful techniques postulated by Celasun was the 
spacing of d r i l l  holes given the following information:
(1) X' = the shorter side of a rectangular or rhombic pattern.
(2) X" = the longer side of a rectangular or rhombic pattern.
(3) a = the target area.
(4) f  = the target fineness ratio .
(fineness ratio  ( f )  = length/width)
The probability of detection exceeds 0.79 and conditions for 100 per­
cent DHE are satisfied when the appropriate functions from Table 26 
are used to establish a d r i l l  pattern.
The following results were obtained by applying Calasun's func­
tions to the average dimensions of 28 Australian deposits reported 
by Gardner. The average fineness is 60 and the average area is
360,000 square yards. I f  we assume the target is rectangular, a 
rectangular grid would be 77 by 4600 yards, whereas a rhombic grid 
would be 77 by 9300 yards. Both grids are quite long and the obvious 
question arises; what to do i f  the beach is not 9000 yards long? I t  
would appear, therefore, that some further refinement and considera­
tion must be given to the geological parameters of the beach in order
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Table 26 - D r i l l  space functions and detection probabilities for 
d ifferent target shapes.
RECTANGULAR RHOMBIC
PATTERN PATTERN
Rectangular X-j V-a/f X-j * /a / f  Xi 2 * /a / f
Target
or
X2 *^af X2 2 ^ a f X2
E ll ip t ic a l Xi 2 Xi V l / i T f  Xi 2 V3a7" f
Target 1 1
or
X2 2 V a f/  it X2 2 V3af/Tr X2 2 VaT/tT
U tiliz ing  these functions would give the following maximum probabilities
RECTANGULAR RHOMBIC
PATTERN PATTERN
Rectangular I . 00 l . 00
Target
E ll ip t ic a l tt/4  tt/ 2 V T ”
Target (approx. 0.79) (approx. 0.91)
Source: Adapted from Celasun (1964).
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to determine optimum grid pattern. A different grid is developed i f  
we assume the target is e l l ip t ic a l .  Under this condition a rectangular 
grid would be 87 by 5240 yards and a rhombic grid would be 87 by 9083 
yards when there is less than 30 degrees variation between suspected 
and actual target orientation. I f  l i t t l e  were known about the exact 
orientation of the target, which could be considered the case in river  
type deposits similar to those in New Jersey, then a d ifferen t formula 
would be used and the resulting rhombic pattern would be 151 by 5240 
yards.
I t  is somewhat doubtful at this time that a grid pattern developed 
from Celasun's formulas and the average dimensions from the reported 
Australian deposits should be s t r ic t ly  followed. Also, i t  can be seen, 
Table 27, that the c r it ic a l parameters are not normally distributed; 
therefore, total population parameters might be misleading.









0-29 13 0-299 19
30-59 5 300-599 5
60-89 4 600-899 3




Using the average fineness and area values for the most frequent 
group would be a subpopulation of targets with a fineness ratio  of 5.7
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and an area of 35,990 square yards. A rectangular d r i l l in g  grid used 
to detect this e l l ip t ic a l  target would be 89.7 by 511 yards and a 
rhombic d r i l l in g  pattern would be 89.0 by 885 yards. The derived pat­
tern d iffers from the spacing reported by Gardner (1955, p .10). A 
solution to this dilemma w ill  be made in a following section.
Probability updating during exploration is a continuous process 
which can be accomplished by following suggestions made by Marshall 
(1964), who developed a probablistic mathematical technique which helps 
the explorationist optimize d r i l l  hole depth and location while mini­
mizing risk. Baysean techniques are applied to update past probabilities  
from data collected. This technique is also applicable when prior data 
from other similar deposits are known.
Samp!ing and D ri11ing Stage
Once d r i l l in g  has commenced and samples have been analyzed, the 
collected data can be s ta t is t ic a l ly  evaluated. The results of such 
geostatistical techniques can be extremely useful in the decision making 
processes. Today, geostatistical work is being conducted primarily 
in France, United States, Canada and South Africa, where the science 
is progressing past the understanding of the average mining manager.
Comprehensive studies in English have been published by Hazen 
(1967) and David (1970). Two exceptional review studies have recently 
been published by Hazen (1968) and Blais and Carlier (1968) and each 
report contains an informative s ta tis tica l flowsheet. In general, the 
following conditions, which have been outlined by Hazen and Berken- 
kotter (1963) must be met by a sample population in order to apply
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geostatistical techniques.
Independent samples are needed to apply probability or to make 
predictions on an ore body's population. A s ta tis tica l population 
has been defined (1967, p .40) as one having a frequency population 
which is unimodel in shape and is representitive of the gross charac­
te r is tics  being measured. A population may consist of more than one 
sta tis tica l group from different zones. Mineral sand deposits grade 
downward and away from the beach area. They should therefore be 
divided and analyzed by a s tra t if ic a tio n  process, which w ill  allow 
more precision and simplified calculations.
The sta tis tica l design, or outline procedure for sampling heavy 
mineral sand deposits, must provide re liab le  information which can 
be used to evaluate a deposit. Although there are at least two spatial 
trends in the grade of the Trail Ridge deposit, a certain randomness 
exists. As most samples are not randomly selected, they must undergo 
tests to determine how greatly they conform or d i f fe r  from the charac­
te ris tics  of random data. Every new beach should be considered an un­
known deposit and be investigated in two stages. The f i r s t  stage 
should consist of exploration sampling to investigate the general dis­
tribution parameters of the deposit. This stage should be followed 
by more detailed work which would evaluate the deposit. Information 
obtained from both stages would add to the knowledge of the other.
Hazen (1967, p .42) noted that to be considered random a large sample 
from several d r i l l  holes must exhibit the following characteristics.
(1) No significant differences between the means and variances of
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the assays from each d r i l l  hole.
(2) No significant difference between the means and the variance of 
any individual d r i l l  hole and the best estimate of the corres­
ponding population parameters.
(3) No significant difference in the shape of the frequency d is t r i ­
bution of the assays of any d r i l l  hole from best estimate to the 
shape of the assay frequency distribution of the population.
(4) No significant trend or rapid fluxuation about the mean shown 
by testing the ordered assay data of individual d r i l l  holes.
The f i r s t  2 tests can be carried out after a su ffic ient number of 
assays have become available. Both tests one and two can be evaluated 
by using (1) the "t" test to show significant differences between two 
arithmetic means, and (2) the "f" test for a comparison of the variances. 
Data must be somewhat normally distributed to use these tests. The 
third criterion can be evaluated by using a "Chi" square test.
The fina l criterion for randomness can be determined by using a 
least square difference test to determine whether the fluxuation about 
the population mean is random. Wolfe (1962) noted that the proper 
application of geostatistics can greatly stretch the exploration budget 
by testing the degree of completion of a project at any time. The 
application of Wolfe's reported technique assumes that the deposit is 
uniform and continuous. To date, this proved to be true for most 
heavy mineral sand deposits except river type deposits. However, at 
the reconnaissance stage, r iver deposits can be assumed to be continuous 
in shape. Without exp lic it  contradictory test results, we w il l  assume
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that a ll  heavy mineral sand deposits can be in i t ia l ly  evaluated with 
the following techniques.
Noakes (1971) has published heavy mineral sand assays from South 
Viet-Nam. The samples were collected from Vinh-My near the northern 
city  of Hue. The area was selected from a previous superficial in ­
vestigation by Isnard (1957), who found heavy sands lying on many 
beaches along Viet-Nam1s east coast. Samples were taken 50 meters 
apart along 2 lines 320 meters apart. The sampling was widely spaced 
and superfic ia l, but analysis of his results w ill  determine confidence 
lim its on the grade within the area sampled.
Noakes reported taking 23 samples from 19 test pits in the imme­
diate grid at Vinh-My. The completeness of this reconnaissance w ill  
be evaluated by placing a 70 percent confidence l im it  to the outcome. 
The steps in the evaluation are:
(1) Define the population to be sampled. Then choose a number, d/2, 
which is half the width of the acceptable confidence lim its .
Result: Population = 19; d/2 = 0.35
(2) For the in i t ia l  study, select a random sample greater than N-j =3. 
Compute the mean, variance and confidence interval on the mean 
of the population at 0.70.
Result: N-j = 8; mean = 5.3; variance = 15.37; confidence interval
on the mean is 5.3 ± 1.39
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2
(3) Compute: w/2 = t s where t  is the value of 0.70 at M-, = 8
N
from t  tables ( t  = 0.399).
Result: w/2 = 2.168.
(4) I f  w/2 less than d/2 the sample study was large enough to give 
the required confidence.
Result: w/2 (2.168) was not less than d/2 (0 .35).
(5) I f  w/2 was not less than d/2 the number of additional samples
(N2 ) needed to bring the confidence within the accepted interval
is found by using the equation: N£ = 4t^s^/d^-N-j.
Result: N£ = 50.0 - 8.0 = 42.0 (more samples are needed).
Nineteen samples were taken at the surface, and 8 were tested.
The analysis of 8 samples showed that 42 more samples were needed to 
establish the percent* heavy mineral sand content within a confidence 
interval of 70 percent. With only 19 surface samples collected, i t  
can be assumed that 32 more samples are needed to prove this heavy 
mineral content within a 70 percent confidence in terval.
The references discussed previously are only part of a large bank
of data. I t  may be possible to use many models to varying degrees of
application in order to build a systematic strategy for heavy mineral 
sand exploration. An ideal exploration model should inventory a ll the 
mineral resources in the study area. When an explorationist is confined 
to looking for a particular commodity he can expect to reduce his
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chances for profitable success. However, his reduced chances can 
be improved by revising his decision criterion a fte r  the completion 
of each search ac tiv ity .
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SEARCH PROPOSAL
I t  would appear that some techniques of operations research are 
applicable to heavy mineral sand exploration. Though many placer 
engineers have established procedures for evaluation (MacDonald, 1968), 
few have published exploration (detection) case histories. The search 
strategy for heavy mineral sand deposits can be similar to that de­
veloped for other mineral deposits. A review of broadly distributed  
deposits has given us a s ta tis tica l geological base upon which geology 
and mineral wealth can be defined. During the actual exploration, 
widely spaced sampling can be used, and knowledge w ill  be gained early 
in the search program. At every stage of investigation, collected 
information should be used to update a prior decision crite rion . Con­
tinuous dynamic updating of prior knowledge should create a more re­
liab le  information base upon which new decisions could be made with 
higher probabilities of success.
Figure 11 is a flowsheet for a systematic procedure for exploring 
(detecting) and delineating heavy mineral sand deposits. The proposed 
systems concept has been guided by publications of Harris (1969) and 
Fortescue (1965). One part of the proposal needs c la r if ic a tio n .
.During the f i r s t  iterations through a ll ac tiv ity  levels, a decision 
of accept or reject should not be made unless dictated by budget or 
time constraints. Instead, a decision course through the system should 
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of success. Collection and u t i l iza t io n  of presearch and search in­
formation is a continuous process.
Stage One
Postwar planners and m ilitary  coordinators have previously d i­
vided South Viet-Nam into 4 regions. For our study these 4 regions 
w ill  become the 4 major cells for the in i t ia l  geological model. The 
concept of using man-made boundaries conflicts with the ideal condi­
t i o n s  where geological divisions should be used. However, the ideal 
case cannot be realized because of limited geological knowledge. 
Furthermore, man-made boundaries gives the non-technical reader a 
quick reference to the areas under discussion. Cell 1, the northern 
I Corp planning region, borders to the north on the demilitarized 
zone and joins cell 2 at latitude 15 north. Cell 2, the central I I  
Corp planning region, borders cell 1 to the north and joins cell 3 
to the south at approximately latitude 11 north. Cell 3, the southern 
I I I  Corp planning region, borders cell 2 to the north and cell 4 to the 
south at the Saigon River. Cell 4, the Delta IV Corp planning region 
is the last and most southern cell in the area. Map 6 shows South 
Viet-Nam with the approximate boundary locations.
The sequential evaluation of subcells to be explored can be based 
on many factors explained by Klovan (1968). An in i t ia l  selection w ill  
be based on the multivariate geological model explored by Gillson (1949).
Geological Factor Analysis





CELL I I SEA
CELL I I I
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Map 5 - The four major cells of South Viet-Nam.
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each cell and are listed in Table 28. In addition, each factor w ill  
be given a top score of 10 and a bottom score of 1. The basis for 
geological evaluation is a series of 1:500,000 map sheets which to­
gether constitute a reconnaissance geological map of Indo-China and 
completely cover South Viet-Nam. Additional information on geological 
events are referenced from Grim (1968), Michael (1972), Au-Hgoc-Ho 
(1955) and publications from the Viet-Nam Geological Archives (1966).
Crystalline Rock Source. South Viet-Nam is characterized by 
at least 5 d istinct geomorphic provinces, which include the Annam 
Mountains, Central Plateau, Southern Plains, Mekong Delta, and Coastal 
Lowlands. The 4 cells are subjectively ranked by approximate per­
centage of source area containing crystalline igneous and metamorphic 
rocks. The analysis was p art ia lly  objective; however, subjective 
approximations were used because the maps are not detailed, and quanti­
ta tive  analysis would have been prohibitively time consuming. Cells 
1 and 2 contain a crystalline source area composed of the Annam Moun­
tains. Further inland in cells 1 and 2 is the Central Plateau, which 
contains some of the oldest rocks in Viet-Nam. Cell 3 is composed 
primarily of the rocks in the Southern Plain. The southern extension 
of the Annam Mountains and the northern part of the Delta zone are 
found along the boundary of cell 3.
Peneplanation and Deep Weathering. This factor is perhaps the 
most predominant in South Viet-Nam. The Annam Mountains and Central 
Plateau regions have been exposed since Paleozoic time. M ilita ry  
engineer ac tiv it ies  have exposed weathered rock many feet below the
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surface. La terit ic  processes are extensive, and in many areas the 
rock-like material is quarried for industrial and construction use.
U p li f t  and Erosion. There are at least two recognized tectonic 
periods in South Viet-Nam. Their exact relationship to each other 
is not known at this time. U p li f t  is very noticeable in the crystal­
l ine  source areas of cells 1, 2 and 3, but the most ac tiv ity  has been 
in cell 2, where numerous faults or major proportions occur along the 
entire coast. Erosion is very noticeable throughout the entire region.
Coastal Plain Deposition. The coastal lowland is well developed 
along the entire coast of Viet-Nam. I t  is a separate geomorphic 
province which is over 760 km long and maturely developed in certain 
areas. The coast has been primarily developed from wave action and 
more than 9 lowland areas are separated by bed rock barriers. Michael 
reports that these separate areas collectively include approximately
15,000 km2.
Subsequent Cyclic U p lif t in g . This is one broad category which 
includes the last three factors mentioned by Gillson (1949). They 
are grouped here as the last factor because of a lack of detailed in­
formation. There are at least two recognizable cycles of u p l i f t  and 
intermittent reworking of beach areas. A review of topographic maps 
clearly indicates wave-cut bedrock h i l ls  in the coastal region. 
Spectacular mogotes of dolomitic limestone south of DaNang and bed-rock- 
barrier inselburgs farther south te s tify  to the cyclic up lift ing  along 
the coast. Evidence of reworking can be seen along the coast from 
Qui Nhon to Vung Tau. Wavecut terraces are very predominent immediately
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south of Cam Rahn, in the vacinity of Phan Rang. Saurin (1965)
noticed many terraces in cell 2.
\
Additional Factors
Socio-economic Factors. In addition to the previously mentioned 
geological factors, other factors of a socio-economic nature must be 
evaluated. Consideration at the broad regional level must be given 
to pre-existing land uses. Only broad generalities can be made with­
out a closer on-the-scene investigation. I t  has been shown in other 
areas that heavy mineral sand exploitation is generally noncompetitive 
with high unit value land uses such as agriculture. I t  is highly un­
lik e ly  that placer mining in Viet-Nam can coexist with intensive rice  
agriculture. In addition, many communities in the coastal plain are 
ethnically and religiously tied to their land. Displacement or re­
location would be almost impossible and where possible, the costs might 
prove prohibitive. The cells should be evaluated by their present use. 
Cell 4 is intensively cultivated and has a value of more than US $1000 
per hectare. Coastal zones in cells 2 and 3 are re la tive ly  uninhabited 
except around major communities. Cell 1 is intensively developed in the 
large coastal region. These factors are related on Table 28 and are 
quite subjective; however, further considerations w ill  be given to these 
factors in a la ter  stage of ac tiv ity .
Others. Many types of heavy mineral sand deposits, with various 
jo in t  products, are being exploited around the world. In South Korea, 
deposits have been found with commercial values of tungsten and/or 



































mining. I f ,  for nationalistic reasons, gold mining was to be en­
couraged in Viet-Nam, then reported gold occurrences could be factored 
into the geological model. Strong consideration must be given to long 
shore currents, distance from reported source area(s), and existing 
barrier traps. Noakes' (1971) reconnaissance survey reported one 
grain of gold in beach sands south of Hue. C.Y. Li (1967) reported 
the occurrence of tin  near Phan Rang and other favorable zones proba­
bly exist. These and other considerations could be expressed in the 
in i t ia l  model.
Factor Weighting
Additional analysis is possible during the f i r s t  stage when a 
subjective judgment is needed. A weighting technique can be given 
to any or a ll  factors, depending on their importance. Two examples 
w ill  be considered. F irs t , i f  i t  is desired to find the cell with 
the largest and richest deposits, we could weigh the factors of coastal 
plain deposition and cyclic up lift ing  the greatest and discount the 
other factors. The results of this f i r s t  subjective exercise are 
listed on Table 28. Second, a strong government incentive is given 
for by-product gold production. We would heavily weigh reported gold 
occurrences and crystalline rock sources. The results are also lis ted  
on Table 28. In addition, the remaining factors would be discounted.
Cell 2 has been found to be the most favorable area for continued 
exploration. The remaining cells are ranked 1, 3, and 4. The Mekong 
Delta region, cell 4, is the least favorable. The in i t ia l  results are 
calculated by summing up the values for geological factors. Weight
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factors are multiplied with a geological factor, and then a ll  products 
are summed for a c e ll .
Sensitivity analysis shows the dominance of cell 2 over a l l  other 
ce lls . While i t  probably has less coastal plain area than cell 4, the 
Mekong area, i t  has a combined factor strength which makes i t  the most 
favorable cell to be searched. I t  should be in i t ia l l y  selected for 
continued analysis, while the other cells become temporarily shelved.
Stage Two
In this stage further analysis could be made by dividing the 
selected cell into subcells. Many subcells can be recognized in 
this coastal region favorable to the occurrence of heavy mineral sand 
deposits. Cyclic up lift ing is very noticeable, but l i t t l e  more can 
be learned from lite ra tu re  available. The l in ear ity  of the coast 
suggests an intermediate and thorough reconnaissance starting from one 
end and continuing to the other. Ilmenite occurrences have been re­
ported in Binh Thuan province near the town of Phan Thiet, and the 
survey outlined in the next stage could begin there. The entire coast 
has a highly developed infrastructure and potential deposits should not 
be found too fa r  from transportation and other fa c i l i t ie s .  During these 
f i r s t  2 stages, l i te ra tu re  search should be completed.
Stage Three
The f ie ld  reconnaissance of cell 2 would best be completed by a 
rapid helicopter reconnaissance along the entire coast. Search theory, 
explained by Koopman (1956), proves that the highest efficiency results
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from searching the most favorable areas consistently during the f ie ld  
exercise. During the rapid reconnaissance, the a irc ra f t  should have 
a recording magnetometer and a multichannel s c in ti l la t io n  counter. 
Associated rare-earth elements are detectable with a multichannel 
scintillometer and a magnetometer would be extremely useful in col­
lecting additional basic geological information. In addition, i t  has 
been reported that under favorable conditions, a magnetometer can be 
useful in delineating heavy mineral sand deposits. The geophysical 
instruments should be sensitive and operable under extreme f ie ld  
conditions.
Navigation and location fix ing can be accomplished very easily 
with a newly developed mobile DECCA marine fixing instrument. This 
hardware has been used in other on-shore tests and is very accurate.
Sample location within the subcell can be approximated from 
Celasun's work. From the Australian data, 4 known commercial deposits 
were used to develop a sampling spacing of 200 yards by approximately 
one mile. Samples should be collected in zones favorable to commercial 
concentration. The prevailing wind and ocean currents suggest a bias 
sampling on both the north and south sides of a ll  hard-rock barriers 
separating the beach coast l ine . The in i t ia l  reconnaissance can be 
rapidly accomplished by collecting samples near the present beach and 
fore-dune using gasoline-motor-powered post-hole augers, which would 
greatly increase the number of samples collected per day. This rapid 
technique is suggested because detection is the prime objective during 
this stage of exploration.
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Analysis of collected data should be extensive and complete.
All records should be standard and follow the suggested format out­
lined by MacDonald (1968).
The goal of this ac tiv ity  stage is the detection of economically 
favorable targets. Significant criterion include mineral content and 
the la te r ia l extent of favorable mineral assemblages collected. The 
relationship of mineral assemblages along a beach were explained by 
Gardner (1955) and should be considered during the analysis. In gen­
era l, Gardner noted that heavier minerals are found at the downward 
end of a beach and lighter heavy minerals are found progressively 
distributed along the main part of the beach. Anomalous areas, de­
tected by the ancillary geophysical equipment, should be collated 
with the sample data and interpreted so that the maximum amount of 
information could be obtained from the survey.
Stage Four
The ac tiv it ies  in the fourth stage include second selection and 
target detection. This stage of ac tiv ity  can u t i l iz e  geostatistics 
more thoroughly than any other previous ac tiv ity . The objectives of 
each task at this stage are somewhat d ifferent. The second selection 
should be based on prior data from other areas which have been exploited. 
I t  is commonly stated that a mineral deposit is only known when i t  has 
been completely mined out. In the same instance, only experts fam iliar  
with heavy mineral sand deposits can make a sound judgment during the 
second selection process. The major consideration is that the sieving 
process not reduce the probability of success below 0.50. The objective
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of reconnaissance d r i l l in g  is target detection, and ideally requires 
only one observation. On the other hand, delineation and evaluation 
require quantitative analysis on a closely spaced grid.
A policy must be established before d r i l l in g  starts and should 
be updated continuously as the program proceeds. Domestic producers 
and others in coastal regions are exploiting deposits which are large 
compared to the total area. The probability of discovery in such an
environment can be approximated by using the covered dart board analogy,
which is expressed by:
Probability (h it )  = Efficiency Factor X area- P-fJgPPsit--------
J v J area of coastal zone
The efficiency factor is a constant which optimally equals one but can 
be as low as zero, and is d irectly  proportional to exploration expert­
ness. The correct use of geostatistical techniques increases the proba­
b i l i t y  of discovery because the efficiency factor is increased.
As previously stated, Celasun's formulas can be used to determine 
d r i l l  hole spacing. The following suggestions are made for in i t ia l  
d r i l l in g .  I f  no commercial mineralization is present, a grid of 2000 
yards by 100 yards could be used in i t i a l l y  and modified at a la ter  time. 
However, i f  mineralization is present on the surface, a rhombic pattern 
should be used and the f i r s t  hole spotted where i t  has the greatest 
probability of h itting the center of the ore body. A rhombic pattern 
should be used as i t  is less sensitive to errors than the rectangular 
pattern for detecting long thin heavy mineral sand deposits.
Gardner and Noakes have both noticed that mineralization is most 
frequently encountered in certain parts of a beach. This spatial
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relationship suggests an oriented d r i l l  pattern in two places. F irs t ,  
the probability of discovery is greatest i f  d r i l l in g  is started in the 
recent beach area in the v ic in ity  of the high-tide line . Second, d r i l l ­
ing in the fore-dune area immediately back from the beach should also 
lead to early detection. Figure 12 is a suggested d r i l l  pattern. Few 
heavy sand operations occur more than 75 feet below the surface. In 
most instances, targets must be located above this depth in order to 
be economic. The following policy can be established following the pro­
cedure advanced by Marshall (1964, p .225). A depth of 75 feet w ill be 
d ril le d  unless ore is found before that depth. But once heavy sands 
are encountered, d r i l l in g  w ill  continue to the end of mineralization.
I f  no ore is found before 75 fee t, d r i l l in g  w ill  stop. Reconnaissance 
d r il l in g  should be conducted along roads and other avenues of least 
cost i f  no prohibitive sacrifice is made on quality and quantity of data 
collected.
The analysis of samples can be as detailed as the investigator 
warrants. Heavy mineral sand deposits require differing amounts of 
d r i l l in g  depending on the type of deposit. In general, river type 
deposits require more d r i l l in g  than reworked beach deposits because 
the ore lenses are more discontinuous. In most instances the investi­
gator would like  to know the degree of relationship between holes 
and assay values. This relationship can be determined by using a 
variogram, as explained by Blais and Carlier (1968). Other s ta t is t ica l  
techniques can be used which w ill  allow confidence lim its to be placed 
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example and should be used as i t  could establish at what point a de­
posit has been proven within certain confidence lim its .
D rill ing  in the selected subcells should be based on the follow­
ing plan. Along the present beach d r i l l in g  should s tart at the high 
tide mark and the next hole should be in-shore no more than 100.0 yards 
from the shore and ideally near the crest of the fore-dune. Other 
favorable zones in the coastal-plain subcell should be d r illed  on the 
suggested grid pattern of 2000 by 100 yards in a rhombic pattern.
Holes should be d r il led  to approximately 75 feet unless mineral sands 
are encountered. When mineral sands are found, d r i l l in g  should con­
tinue to the end of mineralization. Water-jet d r i l ls  are recommended 
for a l l  d r i l l in g  as they are established within the industry. Hand 
augers are only operable above the water table; whereas the water-jet  
technique is capable of sampling above and below the water table.
Stage Five
The fina l stage includes detailed d r i l l in g  and economic analysis 
of discovered deposits. I t  is highly probable that more than one 
potential economic deposit w il l  be discovered. The decision criterion  
must include a ll  the following c r it ic a l  factors; marketing require­
ments available, transportation f a c i l i t ie s ,  potential conflicts in land 
use, and the physical parameters of the deposit as they relate to 
mining technique and capital requirments.
In summary, HMS evaluation d iffers  from metallic deposit evaluation 
in that a ll  the appraisal questions must be answered simultaneously.
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The v ia b i l i ty  of a deposit depends on many interdependent factors, 
which were recognized from stage one to stage f iv e . Dialogue be­
tween potential buyer and se ller must start very early in the exploration 
stage and should continue right through to production.
The systems approach concept can provide assistance to developing 
countries who wish to go-it-alone. The proposed exploration plan could 
convince potential financiers, who are unfamiliar with mineral explora­
tion, to lend the capital required to start such a program. I t  is gen­
era lly  easier to acquire funds on installment when progress can be re­
ported at various intermediate steps or stages.
The proposed program should not be considered overly structured.
In re a l i ty ,  many factors necessary to the successful outcome of such 
a program have been excluded in the present discussion. For example, 
the selection of personnel, equipment and transportation fa c i l i t ie s  
have been disregarded because local av a ila b il i ty  w il l  determine the 
f ina l f ie ld  plan and operation. Significant decisions have been made; 
i t  has been decided where and how to look for exploitable heavy min­
eral sand deposits along the east coast of South Viet-Nam.
At the completion of the systems approach, i t  is recommended 




There appears to be ju s tif ic a t io n  for cautious optimism concern­
ing the metallic mineral potential of the Republic of South Viet-Nam. 
The current problems in that country are not unsurmountable barriers 
to in i t ia l  mineral resource surveying. I f  the postwar planners ex­
pect mineral production by 1980, search and inventory should begin 
as soon as possible. The interest shown in mineral sands by the V iet­
namese may be the way by which further optimism might be developed for 
other minerals. I t  would appear from the commodity survey that HMS 
is one mineral industry which could be exploited by 1980. The coastal 
region is more secure and developed than the in terio r and may well be 
the logical choice for exploration at this time. Marketing an export 
product may be d i f f ic u l t ;  therefore, liason with an established com­
pany is recommended as soon as inferred reserved have been calculated.
The larger problem facing the South Vietnamese and the entire  
Southwest Pacific region would be the awareness of minerals in each 
country's future economic development. The favorable location of 
Oceania and Southeast Asia makes the ir  products available to Europe 
and Pacific Basin countries. The Pacific Basin concept of trade has 
been recognized by various countries. The overwhelming influence of 
the Japanese market w il l  have a great impact on Viet-Nam in the re­
construction period. Negotiations with Japanese mining interests 
should be given a high p r io rity  because of their interest in mineral
167
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exploration after  in i t ia l  surveys have been conducted.
During thesis research many possible research projects were recog­
nized. The following are offered as suggestions for further economic 
investigations.
Most developing countries appear to exist in either tropical or 
semiarid regions. The costs of exploration are quite d ifferent in 
each region. The exploration process in these divergent environments 
ju s t ify  study, analysis and modeling. Regional or environmental model­
ing of the exploration process would allow more specific planning by 
agencies such as UNDP. In addition, necessary information for cost- 
benefit analysis would be available to developing country planners so 
that they could compare exploration with other capital projects.
On a regional basis, the member countries of ECAFE should be 
receptive to this approach because ( 1 ) they seem to have a great min­
eral growth potential, ( 2 ) very l i t t l e  appears to have been done to 
unite ECAFE regional geology with probabilistic wealth, (3) the region 
has a s ignificantly  unique climatic and geological environment, and 
(4) the member countries of ECAFE have developed a very harmonious 
relationship amongst each other. All four factors indicate that the 
efficiency of future exploration could be increased by constructing 
an exploration model for the ECAFE region.
Further analysis of the exploration process and its  affect on the 
host country appears ju s t if ie d . The Panama project, conducted by the 
UNDP, would be an excellent case study for cost-benefit analysis. The 
results of this survey could possibly convince other developing countriess
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with l i t t l e  mineral exploitation experience, that country-wide ex­
ploration is a v ita l link in national planning and can have medium 
range returns.
I f  a metallogenic map could re liab ly  display p ro fit  potentials, 
i t  might be possible to obtain exploration financing from regional 
development institutions who have no previous experience in explora- 
t i  on.
The changes in the international mining industry during the past 
5 years warrant an updating of texts similar to that published by 
Mikesell. The Japanese mining industry needs to be studied so that 
Pacific Basin developing countries can clearly recognize the potential 
of in i t ia l  contact with this in fluentia l sector of the industry.
The significance of minerals exploitation on developing econo­
mies is inescapable. Countries with no prior experience in this in­
dustry should strongly consider contacting noncommercial agencies 
for in i t ia l  work even i f  i t  requires debt financing. The alternative  
of offering large and generous concessions to commercial agencies has 
often led to conflicts a fter  discovery of economic mineralization.
The evolution of concessions to service- or work-contracts so fre ­
quently experienced in more mature developing countries need not be 
repeated by other countries because world mineral economics guarantees 
a market for almost every new discovery.
The potential for a viable minerals industry in postwar Viet-Nam 
appears significant. I t  should be possible to start now with prelimi­
nary research and in stitu te  building so that the Vietnamese can conduct 




A comparison of the new and old investment laws of South Viet-Nam.
SPECIAL EXEMPTIONS LAW 04/72 LAW 02/63
Registration fees and 
•stamp tax
5 years 5 years
Mortgage fees Permanently 2 years
All real estate taxes 
and fees
5 years Not stipulated
All business licenses 
and real property tax
5 years Not stipulated
Import duties on equip­
ment and spare parts
Exempted Exempted




Agricultural land tax T i l l  the end of 
the 5th harvest 
year
T i l l  the end of 
the 2nd harvest 
year
P ro fit  tax on earnings 5 years for a ll  
operations
5 years for in­
dustry and 2 for 
agriculture
P ro fit  tax on undistri­





afte r  9 months
Statement sub­
mitted after 3 
months
Income tax Exempted Exempted
Tax from transferable 
securities
Exempted Exempted
Prepayment of income 
tax
Exempted t i l l  
f i r s t  d is t r i ­
bution of profits
Exempted




APPENDIX A ( c o n t ' d . )
SPECIAL EXEMPTIONS
Export duties
Land surface and volu­
metric tax on the ex­
ploitation of mines 
and quarries
20% depreciation in 











Allocation of reserves 
to import machinery, 
spare parts and raw 
material
Convenient ex it and 
entry of technicians
Foreign exchange trans­


















The transfer of net 
profits from foreign 
investments
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Percentage distribution of world reserves (1959) by age of formation 
and location in the stages of land mass evolution.
ERAS TIN TUNGSTEN
MOLYB­
DENUM GOLD COPPER LEAD NICKEL
Cenozoic 14 3 91 13 47 26 7
Mesozoic 50 81 5 16 2 30 14
Variscan 24 16 1 4 8 27 16.5
Caledonian 2 2 6 14 17 -
Precam-
brian
10 1 61 29 62.5




100 35 76 10
Early stages 4 16 44 60 90
Terminal
stages




TOTAL 100 100 100 100 100 100
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Vietnam Industry and Commercial Bank
Credit Commercial of Vietnam






Bank of the Orient
Great Asia Bank
South East Asia Bank
Dong Nai Bank










































Banque Francaise Commerciale 40.0 607.0 8933.2
Banque Francaise de I'Asie 50.0 734.5 7205.9
Banque Nationale de Paris 40.0 333.5 3559.1
The Bank of East Asia 30.0 57.2 255.8
International Commercial Bank of China 60.0 575.0 4195.7
Bank of Communications 60.0 554.0 3831.0
Bangkok Bank 30.0 266.0 1983.0
The Bank of Tokyo 30.0 57.0 1044.0
Korea Exchange Bank 30.0 112.5 297.0
Chase Manhattan Bank 60.0 344.7 3109.9
Bank of America NT & SA 73.6 213.4 1832.6
Source: Vietnam Bulletin.
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resources excluding North America and Australia.
LOCATION RESERVES {106 TONS) AND COMMENTS
Pulmoddai Reserves 2.8 tons, currently 
being exploited; increased 
production expected.
Keelung Reserves of 0.5 ton reported;
limited past production.
Quilon Reserves 31.0 tons; large past
production; currently being re­
evaluated.
Java Large potential in previously
unexplored areas; current pro­
duction as a by-product of tin  
mining.
Hokaiddo Reserves unknown; past production
Biin Reserves estimated at 1.0 tons;
limited past production.
Perak Limited current production as­
sociated with t in  mining.
Palawan Large reserves; limited produc-
Island tion.
Along the Reserves unknown; entire east
east coast coast is a HMS province.
Phuket Reserves unknown; by-product
production from tin  mining being 
evaluated.
Frisian Limited past production; pres-
Island ently being re-evaluated.
Salerno Limited past production.




















LOCATION RESERVES (106 TONS) AND COMMENTS
Corvna Limited past production.
Mar Del Reserves unknown; no known pro-
Plata duction.
Rio de Vast reserves; limited past
Janiero production.
Biskra Reserves unknown; no past pro­
duction.
Nile Reserves greater than 3.5 tons.
Delta
Couffo Reserves unknown; no past pro­
duction.
Cavalle Reserves unknown; no past pro­
duction.
Rufisque Reserves unknown; no past pro­
duction.
Birim Reserves unknown; no past pro­
duction.
Reunion Reserves greater than 1.0 tons;
Island past production.
York Vast reserves; past production;
currently being re-evaluated.




United States zircon producers.
FIRM LOCATION MATERIAL






The Carborundum Co. Falconer, NY Refractories
Corhart Refractories Co. Buckhannon, WV Refractories
Corning, NY Refractories
Louisville , KY Refractori es
Foote Mineral Co. Cambridge, OH Alloys
Exton, PA Metal powder
A. P. Green Refractories Co. Philadelphia, PA Refractori es
Harbison-Walker Refrac­
tories Co.
Mount Union, PA Refractories
Harvey Aluminum, Inc. Torrance, CA Ingot
M & T Chemicals, Inc. Andrews, SC Milled zircon
National Lead Co. (TAM) 
Div.





Norton Co. Huntsville, AL Oxide
Ohio Ferro-Alloys Corp. B r i l l ia n t ,  OH Alloys
Frank Samuel & Co., Inc. Camden, NJ Milled zircon
Tizon Chemical Corp. Flemington, NJ Oxide, other 
compounds
The Charles Taylor Sons Co. Cincinnati, OH Refractories






Wah Chang Albany Corp.




















Walsh Refractories Corp. St. Louis, MO
Zirconium Corp. of America Cleveland, OH




Dimensions of Eastern Australian HMS deposits.*
;ation LENGTH AREA WIDTH FINENESS
(1/w)
THICKNESS O.B.
i 4533 343000 62 73 0.75 2.4
2 5867 362300 62 95 0.75 2.4
3 8800 2445000 278 32 1.27 3.7
4 2333 114900 49 48 1.20 2.0
5 1567 63700 40 39 5.90 2.4
6 1267 244800 193 7 7.90 nil
7 2667 165100 62 43 1.40 3.6
8 16667 856900 51 327 1.00 1.5
9 8667 362600 42 206 1.10 1.1
10 300 40000 80 4 1.6 1.8
11 2500 385900 154 16 4.2 1.6
12 5333 146600 27 197 0.9 0.7
13 2000 55600 28 71 0 .6 0.7
14 5333 274300 51 105 1.7 3.4
15 2667 439900 52 51 0.7 4.4
16 1100 53900 49 22 1.2 3.5
17 4333 124900 29 149 0.7 1.0
18 1667 4400 27 62 0.9 4.3
19 2833 764000 275 10 0.7 2.8
20 2400 667000 285 8 0.9 2.1
21 9333 105000 321 29 1.5 3.3
184
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arrtiNUiA n ^cont a;
LOCATION LENGTH AREA WIDTH FINENESS THICKNESS 1
( 1/w)
22 577 72200 143 4 1.7
23 200 11200 67 3 4.0
24 3467 186000 54 64 1.1
25 1733 11500 65 27 0.8
26 1817 128000 73 25 2.1
27 500 25000 50 10 0 .8
28 433 22400 52 8 2.0
*A11 measurements are in yards or square yards.
LOCATION LOCATION
NUMBER PLACE NAMES NUMBER PLACE NAMES
1 Tweed Hd. - Fingal Pt. 12 Seven Mile Beach
2 Fingal - Cudgen 13 Evans Hd. Beach
3 Cudgen - Norris Hd. 14 Macaulays Lead
4 Norris Hd. - Hastings 15 Cement Lead
Pt.
16 Jerusalem Ck. -
5 Norris Backshore 'A' Bank
6 Norris Backshore 'B* 17 Jerusalem Beach
7 Hastings - Potts Pt. 18 Postmans Lake
8 Potts Pt. - Brunswick 19 N. Burleigh 'A'
Hd.
20 N. Burleigh ' B'
9 Brunswick Hd. - Cape
Byron 21 N. Nobby
10 Tyagarah 22 Esplande 'A'
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